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Chapter 1

THE NATURE OF FALLOUT

1.1 Background

On the 16th day of August {n 1945 the first nuclear explosion, Shot Trinity,
was detonated at Alamagordo, New Mexicu, The nuclear device was mounted on
a tower at a height of about 100 feet and the energy of the explosion was equiva-
lent to that of 19,000 tons of TNT. The explosion, as all nuclear explosions,
produced radioactive materiales the! vombliied with cther materinls engulfed by
the forces of the oxplosion. The product of the combination has been given the
name f{allout, '

From most nuclear exploajons, fallout is in the physical form of particles,
After Shot Trinity some of these particles deposited on pastures and on the
backs of cows at some distance from the point of detonation, and the nuclear
radiations {rom the particles caused burn-like Injuries on the cows' backs.
Other than this the exposure had no ostensible influence on the life of the
animals or their offapring.

The incldent, however, initinted inierest and concern among some
sclientists and engineers. Both the {ate of radioactive substances produced in
nuclear explosions and the biological consequences of their interaction with
living matter came under study.

In Operation Crossroads, in 1046, ships exposed 10 the effects of an
underwater nuclear detonation, were found to be contaminated with radieactive
substances, and military-~ospecially Navy--{ntorest in the fallout phonomenon
was aroused, The results of that test initiated the recogmition of fallout an one
of the primary phenomena of nuclear explosions and one that could have a
profound {nfluence on military operations using nuclear weapons,

The rocognition and nooceptance of the implications of fallout on military
Spevalions, howsver, was at first limited to n rather small group of sofentinin,
engineers, and milftary people. Additional evidence and data on fallout were
obtained in subsequent teats, espocially {n Operations Greenhouse and Puster-
Jangle in 1951 and in Upshot-Knothole in 1033. But it was not until the
detonation of Shot Bravo in Opoeration Castle in 1054 that general recognition of
the fallout phenomenon wns established.
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Two of the hetter-known Incidents that influencod (or forced) sich recog-
nition were tho exposure of the Marshnll Islnndors on the Rongelap Atoll nnd of
the Japanese fishermon in their bont at mon to the radintions from fnllout. Rut
even after tho Bhol Bravo experience thero romainod n fow who wantod to
hollievo that n "fluke' had ocourred nnd that fnllout was not of military
significance,

Now, several yenrs and mnany teat detonations lator, thore are no remain-
ing doubits about the production of fallout {n nuclear uxplosions, Prosent
atudies are directed to quantitative evaluntions of the degree to which fatlout is
signifioant in the milltary applications of nucloar explosives, Thus it {8 no
longer of intorest simply to note that radioactive atoms are produced in nuclear
oexplosionn. The problem ia to determine the uantity of the radionciive aioms
produced, what physical processes they nre mubjected to, where they go, and
how their disposition may nffect the oporaticns and the lives of people,

Because (allout contains radionctive ntoms, and because radionctive atoms
omit nuclear radiations that can cnuse damnge in the cells of lving tissues, tae
presence of fallout in the environment 18 usunlly equated with n potential radio-
logical hazard o lving matter, The core of the present-day interest in fallout,
therefore, consists of cvaluating the biologienl consequences to humans, animals,
and plants of the exposure to nuclear radintions from fallout.

The degree and nature of porsible expoaures of living matter o nuclear
radiation depend upon mnny physical parameters and these begin with the
~ Inftial production of the fallout in n nuclear explosion. The nature of the
exposure {s more fundamentally connccted with physical processnes than {8 the
degroe of the exposure. In terims of degree, it in known that possible radintion
oxposures would bhe highest, und therefore the hiological consequences most
gevere, for nuclear explosivea umed in n large-senle war, ‘This dogree of
exposure is of concern to many,

Aftor the fallout s in an environmoent, the dogree of this radiologicenl
haeard can bo monsurod. But the kind an:d amount of harard In n nuelonr war
gituntion, nt least bofore the fuct, cannot he evaluntod without 1 reassnably
detailed dorcription of the history of the radioactive ntoms produced in nuclonr
oxModions. Buch n history, to he umoful, must revenl the ennontin! dotziln of the
phyaical procesmos {n which the radion2tive ntomn participnte, from the instant
they are formed up to nny donsired Inter timo,

The mnjor purpose of this report, therefore, is to outline and disouss
these physical procosses and the important parametors on which they depend.
The data, data annlyses, data correlation schemes, and discussions prosoentoed
here are orgnnized to emphaaize hasic principles so that an appropriate
mothodology can he applied in evalunting the radiologicr! consequoncos of
nuclenr war,
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1.2 A Qeneral Dosgription of Fallout

An explosion of aiiy kind, dotonated near the surfnoe of the vnrth, onunes
material to ho thrown up or drawn into n ohimney of hot rising gnson and raimed
aloft, In a nuolear exploaion, two Important provesses ocour: (1) radionctive
eloments, which are produced and vaporized in the process, condenre into or
on this muterial; and (2) a large amount of non-rudionolive mautorinl, rises
thousands of feet into the air hefore the small particloa beygin to fall buck, This
permits thy winds to sontler them over large arons of tho earth's surfnce. Thus,
when the purticles reach the surfnce of the earth they are far {rom thelr place
of origii and contain, within or on their surface, radlonctive clements, Whethor
thay nre nolid particles produced from ani! minerals, or lquid (snit-containing)
partioles produced from aen water, they are enlled fnllout,

The composition of [allout can be doscribed In terme of two or three
componentz, One is the Innctive carrier; this consaists of the environmentnl
materinl at the location of the detonation and 18 tho maujor component tn n npnr-
surface rlotonation, The sccond component includes all the radionetive elomenta
in the fallout,

These radionctive elements can be subclassified Into two groups hy
source. The {irst group contains the fiasjon-product elemoents that nre produced
In the fission process that initintes the oxplosion. The second group consiate
of the elements produced by the capture of neutrons released in both fission
" and fusion, The kinds and amounta of these neutron-induced radionctive
elomonta in the fallout differ from one detonation to another depending upon the
type of weapon umed und the chomieal clomonts in the environment at the point
of detonation,

QOocastonally, n third fallout component group {s consldered, This
conaints of tho bomb's atructural matorinls and is 0 major component In alr-
burast fallout,

Tho word fallout s cocasionaily proecede:! by "ologo-in'' {or "loenl") and
"long~range’ (or "world-wide'), Thomo terms have nover boon prooisely defined
except for operationnl purposen, The torms (imply some arbitrary difforentin.
tion of the fallout, or the radionctivity, on the basia of distunco from the point
of detonntion or time required for tho matorinl to fall to the enrth's surface,
However, ne is disounsed in the following chupters, the grudun! changos in tho
properties of tho {nllout with distanoe mnke precise definition of theso tormna
impossible, excopt for the extremes of ench fnllout olnasifioation, Therefors,
except for these oxireme casos, these desoriptions are not used further aa
definitive torma in discuasing the nature nnd proporties of fallout,



1.4 Charnotoriatio Typon of Fallout

Tho oharacteriatio typos of fallout are dotermined by the environment at
the point of dotonution, They are gonerally olnsaified na boing olthor land, non
water, harhor, or alr fallout,

The major compenent of the fallout from dotonntions near the surfnco of
iand (s tho soll particles, In dotonntions near tho surfaco of tho ooenn the
major componont {8 the son water remducs (salts and water). Tho fallout from
detonationn in harhors, rivers, and shallow lnkes may contain materinls from
the hoitom na well na wator and/or son water salts; tho rolativo nmounts of
onch depond on the depth of the water, the hoight or depth of the burst, and the
onergy ra.oamed during the explosic,

From an air burat {not near the surfiace of the enrth) tho major falloui
componont {s the structural materialg, such as iron and nluminum, vte,, of the
homb or miarile war hend, Whon the mans of thoso materinls 1 not too large,
and whon it 18 all vaporized, only very small fallout particles ai . formea. The
proporiies of nir burat fallout nre thoro moat often nssocinted with the terms
long-range or world-wide.

The fallout from the noar-surface burats consisats of large particles that
fall rapidly to the earth; theso fallout types rosult in much higher deposit
donaitios than those from the air hurat. Necaure of this large difference in
fallout deposit density and the nmsocintod radiolngical hazard, only the first
three charnotoriatic typon of fnllout (land, men, and harbor) nre diacurred nt
longth in the following chaptorn,

1.4  Potontinl Harvaras from I'nllout

Tho potontial havardn from fallout nre mentioned briofly hore to idontify
thom, (o indicnle thetr rolationship with physicn! quantitios that can be
measurod, and to emphasire tho faet that Intoroat {n knowlodge ubout fallout has
boon nroused mainly beonuso of thone harnrda,

The radionotive eloments within or on the surfnce of tho fallout partiolos
omit gamma and X-rays and/or hotn or alpha particlon, The gamma and
X-rayn are the unme exoopt that the gnmmn raya are moro onorgotic; they are
often tormed the penetrating or long-range radintions hoonuso gnmma nnd
X-rays travel long distances in nlr and in other low-denaity materinls, The
bota nnd alpha particlos nro often tormed short-range radiations bocauso they
do not travel very far even in nir and nre steppod by small thicknossos of morn
donse matorinl. Of tho two, the alphn particlea nro tho cnsier to stop.

FIS



Tho potantial harnrd from the throe typen of nuolear radlntions Hoex in
the anpnbility of thy difforent typos of radintion to ponetrate matorinl, hoth
Hving nnel Innnimnto, ospeoinlly when thy racionetivo sourco In not (n contnel
with the mntorin!l irradinted, Thus, from fallout pnrticlos doporited on tho
groumnd, tho gnmma raym are the only onon omitted that onn ponetente large
distunoos Into tho humnn body, Tho shorter-range bote pnrticlos cnn penoteate
n short distnnoe loto maturin! whon thelr soureo s ofther in contnet with 1ts
mirfaoo or is part of tho matorin! (.o, nn interanl mource). In general, nlphn
particlon nro not n fnllout haznrd hoenuse the nlphn emittors nre ko extromely
dilutedd and long-lived, o
£

Tho gnmmn riya, thon, constitute an externnl hazard; the betn purticles
nro often termeod n contnct and un internnl hazard; nnd the nlpha rays constitute
an {ntornn! hazard, if any. But since the mojor source of alpha pnrticlen in
fallout {m from tho docay of unrencted urunlum or plutonfum, which nve very
long-lived radfonuclidon, the alphu-particle hazard 18 negligihle compared
with that of the gnmma nnd betn rayw derived from other yndionetive cloments,
Honee the nlpha-partiole hazard is not considered further,

Tho two rodionctive emisslions that e of concern in fallout, therelore, -
nre tho gnmma radiations (Including the X-rays) am an oxternal kouree of
haznrd, und the beta purticlon i n contnet or fnteranl Rouvee of haznrd,

Tho signifiounce of this differentintion hetween the two types of radintions as
hinvrird sources (8 discussed in Infer chapters,e Both types of sadintions canme

Anjury to Hving organtuma by producing fontzation nlong thelr pnths throngh

Hving tinsue, In other words, the tnys or prrticles franufor energy (o the
cloctronn of the ntoms In (he motertnl they peneteate. Thik causes the
cloctrons (o lonve thelr orbite nround the nuelews of the ntom wo that the ttom
Lukew on, for o short me, a positive charvge,

A mpeotfiod nmount of energy 1M required (o fontre un atons; for every
lon pair formod hy tho pnesing of n gnmma ray or iy pretiele nesr o atom,
the ray o1 particle lomon ni equivalent nmount of oty The amount (e net
the mame for nlt moterinds penotrated hoonuse the eiacrgy requived to jontze
i ntom diffors from one chemien! elemaent to nnother, The roentgen I8 the
Hefinod unit for monsuring the enorgy abrorbed from gnmmn and X=roys in
afr. The vilus of the v untt s bawed on the energy regquired 1o jontve the
nitrogon and oxygen nfoma of nie (o form, 1n one eubio contimeter of nie ol
atandnrd conditionm, ono patr of fonk, 1y this dofinition, the © unit in
equivitont {o tho nhsorption of nbout R7 crge of cnergy per gram of nir,

Rince thiv undty tho vy ik sdetined on the hnsds of afr lonfzntion, 1
oot he rolntod to the number of radionetive atoms that emit RN TOYH

unlors hoth the energy of the rayn pnasing through n given volume of nie o
the goometrie conflguration of the omitting soureon are known, Those

0
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f—.?fff*;f'*xuuunﬁ vonoopt 1w that tho dome, or tho.energy hRorbad by the air, ie pmmr

rointionnhipd, lov o complicided misure of rediomielider mucll ns wonhd hoe
prewent 0 fullont, huve only beon cnlpulnted for o fow vory simplo soureo
goometelon, A example s the enloulation for the ale fanlvation rate nl
throeo fopt above wn Infinite smooilt plane cavored with a unfform distribution
af flanton products, e

'l‘ha aly lonlnnuun rate; In rnouluunu por hour, (n often oatledd the
intennity, or the radintion Intonmity; Whon used, thowe torms alwnys refor o
the magnitude of the air lonixation ré!n Anothar tarm often usod |a dose
rate; However, thim one I8 more predisoly nasociated with the rate of onergy -
abagrption, from the radiationn, in lkvlng tissuo rather than in nir, singe dowe l
rata’ han a biologiea! connatation, In sommon usage, the three lerms (anh-llv. ‘
radintion intonsity, und dose rate) nre uned {nterohangeshly; whun Ihulr iinits
.Ar& 1 per huur. they are, in fnot, nlr mnir.nuon ratol. : -

‘ The wtnl amapit of enargy nhlorb«d ha volumu of air. ovor 0 partod of
time 48 -the radintion dowe, When the acoumulated mir fontaation wat (Lo,
the doxa) 18 nancolated with blologionl hazard from an unmodified fallout-
dapoait, the rentriuiive torme potential dowe or axposure dose are often ueed.
. Buch ume actually Involves (wo restriotive concepts or adsumptions, The R
~ firat (8 that Giin dose {n the total amount of air fonirntion, per unit volumo, s
that a person br objoot is expoped {6 by ataying In the apecifiod inoation :
for the langth of (ime (hat the sinted anergy (a boing absorhed by the air, The

uonll to thu umoum of aneruy nbmrbod hv tha porlon or ohjnut.

. 'l‘hn terma, cme. pnlcmlll dose, or GRF:TIW‘O doag are used only in i B
relepence (o the ALE (ohigition in the followliig chapters, While the bisloglonl =
offacts of a radiation doas are oulwide the soopo of this discunsion, arbitrary © - S
values of dome Lisiits are used ocoasionally; thoy Illuntrnw the mothodulnuv
thst uan o used ln solve nxmurw-oontml pmhluml. T

'l‘ho dom-llmlt valuan uned in this report are ulamd on the bml or
nuumd relntiona betwoer alr jonlaation doson and biologlonl effacis, These
uluoﬂam, whan applieabla, include the concept that some hivlogionl effeats
~hava a threshold doae while nthara do not, nnd that, -when tha dose is absorbed
ovar a lang pﬂ_ﬂnd _of {imes, the Mglqg[gnl offeat of uLelcahn i doniansid dl;n "~
to hodily repnlr al‘ tiawue damaged dw rlng the uxpuuuro. i :

*Roferenuou Ato lstod ot tho end of each ohagiter, i
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e aniention rade nd Uie doxe from bt fays o aeuaally defined In
fornin of the pnorgy ahanrhed by (ho naleation of e doms or moleowton In
tinmio, Bincoe the botn particien do nod penotrato vory e lito the tinau,
the domo fram betn omittors on the surfaee of tiaeue, sioh ne the rkin, (s
nhuorhod Inegoly In tho akin'a outor layera, Noanuse of the complioated
mannar in which the onergy of the bota partiolos (e distributed, there in no
simple method for catimating the onergy ahsorbed fn varioun thickneasan nf
u Humup knving n doponit of n misture of radionative ntoms on Ita murface,
~ Fvon whan the radienotive atome are uniformly distributed through n tissue,

“om ey he the onsn for waveral Ingested vadlo-elemonts, the mothads for
P asthinating tho nbeorhed dose are frirly compleated? In this cuse, the ratea
of nooumulation in, and eliminntion from, tho tinane muat nino he considered,

) I moat of the fallout ocohditions doscrthed In the fellowing chapters,. -

thu hota rediation exponure turnk out to be the loss dominant fallout hazard,

Hawavor, nome times nnd n!tunt!onn whare hetn radintion cun ba a Mlnlﬂﬁlm
is s hasard are disoussed. v :

N © Tho matn immediate harard frnm tallout when it arrivas on lh« surfaoe - :
. on tho enrth nfter n nuclear expiosion {n due’ m ‘tho gamma, or penatrating, e ]
- padintion. These nuclerr radintions aan travel long distanocos, and thafr
summed, or Integrated, Intonaity completely dominates tho vudintion hamard, ) B i

Thim is the onao aven for persona or ohjects cohlaminated with falling .

o . particles, sinca the contributlon of tho bata particlen to the oxponure dose (s
- . o only from ﬂmsirpnruulun thal nre deponned oh expnund nmm. :

. " The' mguauon of rndionuolidéu from fnllout over n wng period of u me,
: . e _ howaver. hecomes the predominant hkzard afier a period of time, The magni~
T L . tude of this tnternal-hazard deponds on tha fallunt's chemical nature, which.
. . ~-uniquely delerminen hoth- the avatlability of the udlonuoudu for tn:ntlnn Lo
and the period of their retention in llving Howve, .~ . . i

ST - S Evnmuuon ur the hugnrdu fpom I‘n!lom Lo r.hut the neosraary dograe-of — -
b : protection from the nuolear vadiationa fnn be apwoified roquires knowledge o
o . _ _of how the nir lonivation rate deoroases-with Yme, The intogeal, ov— —  —
o : : acoumulnted, done I determined from a ourve giving the variation of the air-
lontaation vate with time, and, sinve some value of the dowe in known to. IR
produce undesirable hiologionl effeote, the ratie of the twa Ia used to determing o=
{he doaived protection notar of aithor n anfaty pronsdure op mdloluglcg-,! . ST L=
dolanno oountermenrure, or hoth, '

e



“. and other construction maieriala, In sofl and sea water, manganess snd sodium
" ufmu %ﬂ‘hlwl the ‘mont likely chmonta o he nuutmmmwmd in hilhm ;’H
* abundanow. " T E

In a muoloar detonstbon, the flasion proveas pradioos thout 00 fisaton-
protduet muds ohiins, congimting of nhowt 40 differont olomentn. In enoh mnAs
ohnin produssd in the flasion ol Hasile matorinta one ar more radionistides
nre produentt. These parent=dnaghtor privs deoity one o the foxt wntil finally
n wingle atable migtide e formod. The doony of (his mixture of radionielidon
oan bo onleuinted from (n) the initial yleld of the niolidea in each mana chatr,
(13) the half=life of ench nualide, and (0) the almnranoo of the gamma rays pro~
tucert whan onch nuolide clannvl The detnila of suoh onlonlatinng L theso are

: dlmvunnml in Chaptar 2

Ina nuulur detonation, the flaston producis are Initially vaporined;

‘they anndonse iater as the fireball cools. Of.the approximately 40 elements
" presant, some are volatila and not ususlily in.a condensed eiate oven at

ondinary temperatures. Boma elementa are refractory &id condense at High
umpauturml. The ramllncler mmdenu al Interme(llm Lempnmmmn

" Because there 18" luoh__n_ _!nrm _ranue in thn thormal stability of the
condensates of the flawion=produot rndlnnuolmal. the normal abundance ratios
of the flaston=product radionuclides in faliout Are aitered. [ (e found that,

“in the larger fallout partioles, the relalive conoentration of the volatile:

radionuolides (and their daughtars) in Jow and that t.hu ‘conoeniration of the
mare refractory radionuolides {s high. Any such ultm‘atlun in the abundance
ration of the fiasjon produots, relative to the origine). fmlon-ylold abuntance
ration..is oalled fractionation. In most types of l‘llldmmthe l‘lulnn-prudual
mdlonuulklu are found to hc rruouonntml. o

Nmron Induued activities are-dlnn Tound tn fallout, 'l‘hnn lndnnld

" aollvities are produced by weulron oapture in mumlall present in the wuunn .
~ itwelf and in other envivonmental materials at thel point of detoriation, Perhaps
‘the mont Important of the induosd activitias urg those produced by neutron
_gapture in the alemaente of the weapon's aonmtruction mateiiale, Thens induoed | -

aotivities result Mrom.ncutron activation of urnnlumulaa. iron,; manganesa, o

The amu tlaony , op va.vmunn m Al lonivation rate lwim time, of the )
nuale&r radintions from fallout. Ie the sum of the contributions of all the -
radionuclides presant (n the radiation sourde, 'Thus, to speally or.even to:

‘omtimate the grosn deony rate of the radionotivify in fallout, hnth I’run(mnutlun
Cand nmltmn-induuml luliviﬂal mnnt he nnnllriuvml




B The Mandard ntensiiy winl Contour Proporiics

The torm standard [ntonetty {n dafimed hore an the magnitude of the nir
tonfwatlon Fato AL throe fuol phove an axtended opon aren covered with fallout,
norrected Lo n wtnted timo after dotdnation; conventionally the siated time i
ohe hour, This referenvo-time urmmuml when the "nominal " detonation yleid
ol nutlear wetpons wik 30 kilotons ((K'T), amcl when data on falloit were
avallable only for amall-yield wespbnm, mince for much yielde the fallout process
wan panentially complete hy one hour after delonatian, at lsast in aroas receiving
sipnifioant amounte of fallout. Of course, the hoavy depoaition of fallout from
megiton (MT) yleld explosions In not complote even aftor several hours. In
S ~~'such oases, the chasrved radiation intankily at one hour after detonation s not

- the same as that calculated from a measurement of the intonsity after the fallout

corses {o arrive and muat he dooay-oorreatad to one hour after detonatlcm.

The. ltnndnrd mtanmy values are uned in aonltructlnl rharts of aream on
which falloit has heen deposited. A-chart showing a fallout puriern consists of
n aeries of imointenmity contours. Theee contours are not Mtuvu of equal
potential harard until afier the fallout has osamed to arrive at the furtheat down-
- wind location oh a ulven uontour. The charts-are very useiul, howaver, in -
 avaluating the area«coverage of fallout with regard to both the potential radiation
hnmml and th« kindw of protection needed to reduce that haumd 1o R dutred lewl.

The determlnaucm of the -tandard lnlanamnu raguires meuuramenu of
_ the intenaily; over time, at & series of looations during and after the failout is
" dopoltud. and, in addition, meaauremania of tha lonlzation raie, over time, -
- an samples oollootd whon the fallout firat starts to arrive. A heavily shiskied
.7 deteatar 18 requived for the Tatter, However, for locations where the fiiout
- ‘.u(rtvul time {§ godutor than one hour, dorreciing the ohtunod data to the
. . conventional time of one hour requires a decay-~anrrectiun factor for-the period
o between the time of the firat measuremeny and tho standard time of ona hour, '
- Mouurlmn e of the Intenaity over areas covered with fallout. pastioles, the
oonummnm arens, have beon made, in-most oasan; with portable jon chambers,
" The accuracy of the mensuremunts made with most of the presently available
- portable-instruments is not very high; howevar, if-thw ion chambers are kept
in‘exowilent repair, are unrarully handled, nnd are k-pt anllhut@d. aunurlolu

»'., ’ _ , —uf—nbmﬁ a0 ]:liﬁxiﬂt unil e ubtiimld. LT — T

. The !ntena!tv due m the fallaut particlos depend.; oh {8} the numlwr or
i mass of the particlea dapgnlhd par unit aurface area, and (h) the specifle
activity, oy conaentration, of the radionuclides in the particles, To reducesthe
* intenalty of the falluut from a land detonstion by intention, either the paptioios
" muat be movexl away {rom the lovation of interost or shielding munat be placarl

hetween the partioles and the leontion of interost,




Moving the particlos officlontly nnd effeot!vely requiren some knowledge
of the propertion of the particlon; nleo, the romoval provedure or decontami«
nation mathod must bo designed to remove fallout partioles. Beovauso of these
requirementa on the performance of decontamination methode, relationships
are noeded among (a) the mass of the particles, par unit area (&j their spenific
notivity, and (o) their radintion intensity, Suoh relationships are axtremsly
usdful, beokuse intenaity meanurements, which are easy to make, can then be .

" umed to deduce the fnllout propertlu that influence daoontnmlnltion.

; R : : Theun rulauunihip- betwean the udiauon intenaity aid the related
A 1. fallout properiles ars oajled contour ration; they are digoussed in detail in
' o Chapter 8. The velues of thoso ratios, and the mathemstionl form of the
relationships among. these ration ard the othey paramaters, depend on two
~mujor motora, One is the type of chemioal pystem praduced under the given _
. oonditions of temperature, pressurs, and conoentrations of various constituent —
R ' elemerits in the fireball. The other factor is the manner in which the pnrtlulu o
ST : — ‘hezgme distributed, both {n the forming eluuti and in thﬁit‘ fal! thruugh thw e
C " —1 atmasphere bauk to earth, '
: B i
Doﬂnltlon of the ohnmlul lythMI formed ln thm processes, as wel!
as of the chemical systemn formed when the fallout particles contaminate
surfaoes, ia important in devising apprapriate decontamination procedures. -
~To be usaful, such procedures muat be designed to: oporm oh any ahomlcul
) IyM.lml thnt oontnln radionotive substances.

10
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- #hock wave forma and & nuclear explosion rasults, A

Chapter ¥

FORMATION OF FALLOUT PARTICLES

2.1 ___nﬁml g;:m;m ol the Process 'i

The prucau of radioactive fallout formation Is initiated when ﬂulla

material undergoes fisslon. Ineach fission event, kbout 800 million eleotron

volts (Mev) of energy are releasad; nlso, two neutron-rich radioactive elementw,
or particles, plus two to four or-five neutrons, and-several.gamma rays are

- produced—If-the. resulting two partioles carried all the releamsed energy before

colliding with anather atom, the avarage initial energy would correspond to

kinetic tempsrnmre of about 10 degrees Kelvin (*K). I

" The rqlonaod enargy i {nitinlly in the form of electromagnetic and v
kinetic energy whose immedinte and rapid transmission to nearby surrounding
materialn-onunas the latter to voporize at high prossure, Thus when many
tianion avents cocur in 8 small volume in a short period of time & high~preasire

The two fisslon~product atoms formed froma huvy-llnmint atom

~_contain morw neutrons than do atable elemant having the same stomic mass,

Therefors, the inltial fisslon=product atoms progrems to atability by emitiing .
betd partioles and/or neutrons, This bota deony of many of the fisslon- -

| " product radionuclides results Ih the simultusecus taleans of gamma raym..

Alno, the oapture of neutrons by nmby atoms resuite In the'velonss of gomma
rays. At detonation; therofors, the gamma ray pulse includes gamma rays v i_»

. froim (a) the flsslon reaction itwelf, (b) neutron capture by eloments in tho
‘ nurroundins media, and (o) tho aony of llulon produots, .

I the o-called fuglon. or thermonuclenr, Weapons, the ht:h temperature

- orented by the fission process is utilized to fusw the light elementd-such &8 - — .

deutorium, tritium, and lithium, In this combining of the lighter eléments.to

- form helium or.other heavier nuclei, additional energy and nsutrona are

released, Buch neutronm, having higher energien than those produced hy fimmion, -
are ahle 1o opuse the fimmion of uranium-288 or, when capturad by tha nuclal of
other elewments near the axpioalsa, o onuse Lhu lumr ulomunul to baaomo

't'acllonouvu.




An the tharmnl and shook waves travol outward from the detonntion poind,
the materials enveloped nre nlko hested to high temparaturan; orystal honda
nrn hrokon, ochomioal aompounds nve decoaposad, maleoules disscointe, and
stoma hacome thermally fontzed, The result i the highly luminous mass af
gnaaous matarinl anlled the firehall,

Thin tranafer of enorgy hy the shook wave and radisnt processes to thesa
materials and to other substances oooura at the expanse of the Initial energy
of the fisuion fragmants; their kinetio temperature falls extremely faat, by
vollinion wiih other atoms, as they diffune outwandi from the oenter of the ex-
plosion, The rate at which the enargy {s transferred to the materials being

“enveloped by tha expanding fireball alac decreases rapidly as the thermal

exhange procaeds, and as the temperaturs of the materiala on the interior of the
gam volume deoreases. Aathe temperature decrannen,. Jbositiva lons regain
thelr elegtrona and heooms atoms, atoma recombina to form malecules,
moleoulan condanaa to form lquid droplets, and, ﬂmﬂly. when the tomplutun

1 *h low-enough, the droplets nolidify, v :

. In thq eao.inﬂ of the Hroball tha lmportant Mnun in tha formatioh of full-
out hegine with the time and tamparature at which the firat lHquld dropa form.
This formation process aontinues until atter the materials invblvad have cooled
to nbout the temparaturs of the surrounding atr. Whila the condenaing process

‘probably never actually ceases, such a large fraction of the radionotive and
" ‘other alementa have condensad by about five to tan minutes after detonation
~ that the procexs is uunﬂnlly oomplete, .

The highest ﬂrebm tumpem\arn to ha eonuidor-d in the formation of

" fallout s the bofling potnt of the moat refractory material present in sufficient

quantity to form & masroacopio Hauid phuse, For mmt mmrm- this tam=
pcuﬁure in hutwmm 8000 and 4000°K, .

By &hi time the fireball tlmplt'l.t“l‘l oools to aooo or. 4000'14. it hli risen
some height Into the air and, for near~-surface burats, orater materials cons
siuting of liquid.and/op uaud soil partiolas have entered the fireball, At first

- momw of thess are melted and vaporized). as the gas temparature deoreanss,
~tawar and fawer of the orater materjal pariivles are melted, untll findlly thonw

that aotually reach the altitude of the rising oloud are only slightly warmed,
The_meltad. nmtclaa dissolve, aggregate, and doolude the smalley vapor=
oondansetl partiolen formed by diraot vapor condenantion.even hefors the mass




i

of lurgor partiolow ontars the flrohall,* Whethor molted or solid, the ontering
pirtiolop prosonrt nn extromoly large nmoutt of surfaoe nros upon whieh the
gua atoms or moleoulos oup condense,

Thare uro sevaral hadio oharnotariation of the fallout formation prooena
in the developing fireball.- The first 1 that, of the fianlon products nlone, about
40 different radioaciive slementas are praduced In n glven yleld, or order of
abundanoe, that resulta in a mei of partinl prossures of vaporized specios whaso
valuws are Initially.ranked In the same order as the abundance valuea, The
second characteristic |a that the ohemical reactivity and the equillbrlum vapos
presaure of saoh alement in the lireball differ from those of the cther elamentr;
thus the fraction of eagh algmont In A condensed atate at A given tamperature il
alno ciffereni from the fractions of.the other alaments,

Tha third charaoteriatic - is the presence of Inert (nnnradlouutlve) sub-
atances; thawe furnish either (a) an avallable surface area that the dilute vapors
oan condanse on or Internct with, or (b) r dense vapor that condonwes to forma
macroscople liguid phane with. which the less abundant radionotive aleamanta-oan-
interact, The role of the condensation propess, hoth in fallout formation and n
fractionation, ts discussed In detail later In thim chapter, Oondensatton 8 one

or uveral onuuel of abnarud traoﬁlonntmn in muout

An m\mplo of tlm dunu-vupor ocondeneation prooau 1 datanntlun on.
sen watar, In this type of datonation many of the llasion~product elements
oonrenas, along with the bomb casing materin'a and the salts, before the water
doen, but the flesion -produot alemants are ooouluded or dissolved by the water
when it condenses. Huch inert materiale, that serve to carry the radivactive
elemema baelc 10- cuth, ars oalled the carrier ov the varrier mutmriulm

.-+ The nmount uf sach udlonnuvo #laiviant that 1a iwt:ually found In l‘allout.
~Felutive to some standard of manluro. depcndl on five muin tantarlu

 The ommmu fiswion yields, that m. the relnfive abﬁndan«a of
~ the fisslon produote;

vA mora cumnlete genem tesuription of thlrflrgbﬂhmd Tis hehavior |8 givan

~in The Btfects of Nuolear Weapons) (designatod ENW hersafter), Certain data

from that voluma are willigsd here; generally these are eonfined to {nput
information required to desorihe the fallout formation prooess. .Datd oh the
sire tamporature, and position of the [irehall ave important in ostimating ite
enorgy oontent, und in eatablishing an nppropriate standard refearance time for
ontimating fireball parametérs for differem nuolear yialds.
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4, Tho eaplure of neutrons hy the fission produols thomeelves;

8. The dlegrao to which each fimslon pradust vowdenses into op
onlo the ourrier purtioles;

A, The neutron emissions in the decay chainj snd

8. The rndtouhnm!unl. standards used in mensuring the relative
ahundances of the ﬂug!n::’n_pruduci;‘m

| The rolative abupdanoe of esch fisslon product elament originally pro-

r duced at detonation depsnda on the fissile matsrial used; {,a., whether the

P material {s U-384, U-248, Pu-339, or soma cther substanoe, The flasion-chain
ylalda also depnnd on tha energy lpnott‘um of tha inoident nautrona,

In nneml. in the ohange of ancrwy of the {naident neutrons, the flasion
" ylalde of the nuclides in the lighter-mass (A = 80 to 100) peak tand to shift
© moere with mase number then do tho=e in the heavier~mass (A" = 131 to 144)
‘penk, In the tission of the heavier fisaile alements, the center of the lighter-
maan group moves toward the higher~masa nuinbers. As the incident-neutron
energy increasea, the yields of the mans- ohaink that appaar in the valley .
batween the two yleld penke riva; and the yields of the highdat=- and lowsst~maas
"nuibars also rise; also, the neutron yleld per fiseion inoreasas, "This inorease
g in neutron yleld per-fisaion tenda to spread the two peaka farther apars and,
umun the lighter~ muu group is shifted more than the heavy-masn group.

Nnutron oRpture by the ﬂuwn~produ0t eloments resulis in a glnmal

: -hm of the whole fiasion~yield curve to the higher-mass numbers, This = .. . .

usas & deovense In the ylalde of the alements of both muns groups that- have

:}Yu sriniler -mass numbers (thq loft sides of the peaks), and an inoreasa in the

lelds of the elomenta of both mnas groups that have larger mass numbers, In -
the-ylelds of the-clementn in the peaks relstively littls change rosults eXoept
 lor thome #lemenis that-have extremely high neutron-capturs eross-sections.

: 'I‘hl luhjqot in not duuuuud furﬁhor hnouuua of (nauffiolent data.

oy Durlnn the dcony procous, nmmm omtmon ragitlts in A produqt"nuoudo 7
" -that has o masa number that (s & single-unit lpes than it pavent, This chain
"hift" oan be wpoounted for if the decay schema of the radionuolide in known,
For many of the short-livad radionucliden, howaver, thers (s inaufficient data
. premently avallable for givlng furthnr uonlldeutmn to cloof,sy by neutron emis~ -
nlnn.

The experimentsl maasure of fractionation In mast often givon as an
"B fuotor, or "R' value, that s raldtive to the finsion yialde in the thermal-
neutron fiaslon of U-2438 and of a selected radionuolide, The most commeonly
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F HLILIE pvwm 8- innronmes,

solooted raclonnolide for compirison i Mo =06, Howover, i ridio chomieal
nmity of 1 fnblout snmple that glvom an B vahie difforont from unity does nol
nocewanrily moan that the nuolide in question has, iy fuot, boon fenotionntod
with rempect to somo othor nuelido or elament, Tho teua Inltinl fikkion yiolds
it ho known, hoth to correct the ohimerved nasny dntn o doterming
whather lractionation huu in fnot, oeourred, ,

2.9 Mndi-&"hnm Yialds far tho Flagion of u-gag. L2068, ond Pu-gan

One major factor thist dcatuvmlnuu tha amount of a fwalon prodiot thnt

‘unndmnnan with the orreler up ton glven time und tomperature (s the amount

of that elemaent prosont In ench of tho maen chaine, In this sootion, datr:on tho
finsion-man yislds nre summarirad, and elumntm of undeterminad ylaluw

Are prosonted, wo that oaloutations of tha. tmuuon M tha flumion productas thit
, -uondanln to form fallout ml\y be marda, _ , /

“The indepantient ylalds of all radionuoliden, for tharmal. nowtron flamion
_of U~280, have heon onloulited by Bolles and Ballou®, uuuumlnu by tho thoorion

of independunt leajon ylelds of Cﬂnndunh\" and of Pmmnt. The fractionnl
ohnin ylalde from these onloulitions, for times from noro to L8O soconds, are.
wiven In Tablo &1, for wnin-&9) wnd, in Toble 2.2, for mass 140, Bioh shnin
sonthing n rare gas (K lkmi Xo) aleméi\h . - .

-~ Tho two mnan uhnmn selooted o on the uumr mlm of the two ylnld ponka.

I onoh oo, the Indopondant yiald disteibukion frova: tho Glendonin thoory I tho. -
“hroudar; and the short-lived, lowest-%, slomants vre the morsg heavily wvlp;html

Thiw mrl‘m'onua dlmlnllhol a8 the mass numbor nppmnuhnl tha valuo llB.

" The l'muﬂotml yluldl themnelves indloate what might hu uxpuntud during

contlonmation with respect 1o the fractionntion of the chrln membors, Tor -
-oxample, If only the rare gna mamber s cmnnmurdd. the moximum loss

)

(miniimum amount conclensod) mhould oooyr batwoan L8 aiid &8 sodonds for mues

80, necording to Glondeniny for mnas 144, noserding to koth theorien of yiokl,
thn {fenotion not vondensed should dovroaso-ne th«' timo poriod of the unmlun- ’

, . . - ——— .

Gunumtum)nml nnllmuum of Lhu lmlmwndum molido yiolds hnvu not ym
heon mado for Haalon of U-308 and Pu=200 with fasiontapootium noutrons,

“now for fimeion of U-gin with-8=Mov hrond=hnnd #poctrum noutrons | the lnther -

woultl bo moro appliaible o auelonr dotonitions, M["'\"ﬂ\’(l'lp W maee chidn
yiolda for ovon Pu-gun and U-208 {uslon nre not vaiy wall known, -Available
ehiin ylold dotn and oatimates of unmonsured yloldginre summnrizod iy

Tablo &4 for the Tesion of U=210, U-288 nid - zmb The hull of the din m‘n
tikon from the summury hy Ridoolf® other rofo vunut\m nve Includod 1 the table,
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CGUMULATIVIE MARR-OHAIN YIRTDE OF FIHRION PRODUCTH

Tablp 4.4

(VALUTR ARE IN PERCENT OF FINBIONR)

U-288 U~Rn8 Pu-gii
Monn e . : : " i '
- Number | Thormal fimalon [lunton #=Mev | Thermal Fimmion
Noutrons® | Neutrons | Neutrons | Neutrons | Newirons | Newirone
% 1.0x0°" | 40x10™* | moxto™" | < | Lm0 -
7 Laxio™ | o0012 - | axi0”? - 3,4x10* .
14 (a.2x10""* | 0,008¢ | tix107% | o001 | 4.x107% | 0,001
o (8.8x107Y | 0,000 - a.0x10"" | 0,0040 | 7.8%10"% | 0.0028
e (0.0038) | 0,014 10,0018 0,0078 0,0014 0,0081
L | 0,0088 0,048 .0.0088* | 0,014 0.0028 0,011
M | 0,081 0,048 0.0008 0,028 . 0,0042 | 0,048
(] (0,041) 0,098 0,018 0,088 0,0090 0,04
1. se (0.00M .| 0,18 0,048 0,004 . | 0.ma 0,078
.} 0.14 0,41 0,088 0,18 0,080 0,14
83 | 0,844 0,80 - 0,40% 0,60 0,10 0,87
84 | L.00 14 0.84% 1,08 0,17 0,60
85 | 1.00 188 0,80 148 | 0,48 0,04
- 86 "800 35 1.88% 1A 0.48 1,18
87 | (2,04) ae 1,00 " |-0.08 0,70 18
&8 (moog) | 48 2.48 2. 1.8 1.0
I N 1 1 R I 1% e AL i 10 g4
80 | 8T B8 i 0,17 04 0.0
] 5,84 588 00 40 0.0 b
nY 8,00 8,0 41 |48 N 4.4
o0 .40 0.4 LR 5.4 4.0. 5,0
04 -] 640 0.4 BB 48, na B4
R B 6.0 AL f.6 (L L X
i .80 | 6.8 .8 0.7 (i B0
o | non loay 8.7 8,84 8,6¢ Wl
a' 5.73 B'a ﬂl7 ﬂc“ ’ 504 : “9‘ .
T 6,08 N BLL a.n* 0,a% B, 0¥ 0"
100 0,50 6. f.1 0.4 0.0 0.4
101 8.0 5.3 B8 0,5 6.0 B
R0




N BRI L RGN EN T

CUMULATIVE-MARE-CHAIN Y LDH O FIKKION PRODUCYEN
(VALUTIH ARICIN PRRCEN'T OF 1 IHRICONH)

Thle 4 (nontinuel)

. U-3nn U~4BH I'\l-d.m 1
:, M"\HH ' - PRETR PR o —— — Py s b
Numbor Thurmal Wimaton IMasion #-Mav T huvnml Mamion
v Noutrona* | Neulrons Noutrons § Neiuirons Nuutronn - Nautrons
102 Al A A nh n.n W
100 1.0 Lo 00 b0 n.n* N
104 1.8 0,04 4 0.2 0.0 i
10n 0,00 0.04 ho 2.2 0D 0.4
106 008 1 6,80 'RAS 1.0 l'i.() i
b0 (o qsn) | o.0n 0.0 0,70 | a0 2.0
L1400 {0.000) 0,000 %% 0.9 0,48 1.8% T
B LV B P+ 14) IR 1 P11 0,18 “ 0,80 0,808 0.8%-
11 Y| (0.018) 0,022 | 0,070 FELLL I L L 0,44
mn_ © o {0,011) 0,018 0,048. - 0,17 0,088 1 0,000
: ) s . I i
m S (0011 . ) o0,017 0.041 0,16 n.nauh 0,078
118 0.0104 0,0100%% 1. 0,040% | O0,A8%% | 0,041* 0.000%
114 (0.010)" "] 0. 014 0,000 0,000
ST (0,010), 0,017 . 0,000 }1 -0, 0!18 '0.0UB
18 [ (0,010) | o1t "opoeld | pops" 0,004"
319 {0,011) 0,017 0.041 U ity 0,080 0.004
10 -4 (0.011) 1.0.018 0,044 3] | o.041 - -] 0008 V-
-1l (0.may 0,080 0,044 0,10 - 0,044 ~ 10,006 -
~o-3RR | (0,018) 0,088 00440 041 0047 0,009
188 (0.018) 0,000 0,080 e 0,082 0.070
- T (0,049 H0n8 - 0,080 0.4 0,088 0,089
10 0,081 0,008 0,078 0.0 00Mx LD
190 oo.ongy 1 0T 0176 048R o . 0,08
W (0,145) 0,80 009 L 0,70 pae* | 080
128 L (1,04 0.77 1.0 .7 1.0
149 0.p0 0.8 1edh 1.5 1.40 2.
160 4.0 | 2.0 4.4 4.0 .
1’l1 (2.88) 2.0 .a¥ 1.4 i 4.8

a1




Tuble 8,0 (oontinued)

‘ CUMU LAV MABR=CHAIN YIETDH OF FIKBION PRODUCTR
b : (VALUEE ARE IN PRROENT O PIRRIONH)
U=gin U-2h8 Pu-~2ho
Mnln : L e e s = = MAAr s S S LT mEr|
Numbor | Thermal "{Ralon "lemion A-Mov | Thormal | Meslen
Neutrona® | Neutronm | Neutrons | Noutronm | Noulrons Noutrons
lﬂﬂ ) (4|31) 41” 4|7* 4-4 510 4|“
189 {8:45) 4,1 n.oY N4 n.27+ 4.0
1894 . | (7.80) - 1.4 0.0 4.0 ST B.08% Y]
180 | (0.40) (R} 0.0%. TS| B O 1 5 L Bl
- 186 (4,04) 0.4 LA 5,8 p.oax L B0
ABY | (6.0h) 0.0 1.2 n.E8 naq* 4t
108 B4 0.7 04 G s N4
A0 | (0.04) 8.4 M 6,0 B 1 B4
~"140 NI 6.4 0,7% 8.0 n.08x | -8,0%
141 (6.00) 0.8 07 .G B.RY | 4N
144 (n.81) LN 8.7 Ad ] 060 4.9
140 (h.87) { 8.8 a0 407 1 Bod* . B0
144 h.67 LY 4:0% C N LLAPEE I I D L 4.8
146 8,07 0.9 g T a.580% i
47 |+ R.b8 2.0 R0k PRAL g.nax 0.0
148 1.70. 1,88 a0 24T 1 R.08 LR
140 148 L 1.4l Lo* 11,7 1,80
1“0 . 0.0? . 0!8“ 1’| Oﬂ | ’:114“‘ ! I -ﬂﬁ* ‘ ‘ |f"‘
181 0.40 B0 014 1,02 1.08 1.16
- 1M 0.18 M ipr 0.0 0.4 ¥¥ 0,09 % 0.00
104 0,077 0,004 0,40 0.4 oga« | o
a8 - 0:080) 0,048 0.1l T T I I | [ R 0.a8-
w




Tublo 8.4 (oonoludad)

CUMULATIVE MASBE-CHAIN YIELDS OF TESION PRODUCTH

(VALUTE ARE IN PRROENT OF IMIBSIONS)

: U-480 - U-RB8 Pu-219
Mans ~ : »
Number | Thermal Flaslon Flasion f-Mev | Tharmal- | Tission
" | Neutrons® | Neutrons | Neutrona | Neutrons | Neutrons Neutrons
186 . 0,014 0,088 0,086 0,008 ¥* 0.1a¥ 0.14
| 187 0,0078 0.012 | 0,084 0,087 0,084 0,078 °
1A 0,008 0.0080 0,014 0,038 0,084 | 0,048
189 000107 - 0,0084%* 0,0000%* | 0,017#* | 0,0a0%*+ | 0,028 |
160 8,8x107* | 0,008 | 0,0098. | 0.0088 0.0088  |0,001
18l 7,6%10 =® | diBx10™tan D.Q&x,lo'»-" 0,0044%* | 0,0088%+%* 10,0081

*iwmuur Kltuuff. 1 Iy
Nuulnunlcl. Vol, 18, No, 4, p, 75-&3 (1955).

..LQRI B“nn.y' E Mu ﬁﬁldd‘ﬂ. JI 0, kbl‘t.ml md Nl K. B‘uﬂ‘h m

.
B
i

Iooqnd UN Intomntinm,l confqrunqu un the ?mutul Usen-of Ammtn o

ey, P. md. a8 Gllmuru.utal.,w Mﬁo-aoaa ma.
imL. R, Summey, &, M, bondden, J. O; Abtism, and N, T, Ballou, Flsion

y UINRDI«-TR'-M!. WM Unul.

R PM‘IMhII“ indionte anmd vn.lun or Vihﬁ!‘a Kntunfﬂi vnlua wn
altared in arder to adjust the yields to B gremw sum of 100 in wach peak,

b, Line indioaten diviaion of two peaks that wan used for individual perk uma,

ad




The yiold ourve lor thermal neibron fianlon of U-285 gives &an Rvoragne
vilue of 2.8 neulrons per lsslon. FPor fleklon-speotrum neutron {iejon of
U-3i8, un sverage valuo of 3.1 neutrona per flesion 18 obtainod, Thosm two
valuoa, togather with the referenved duts in Tuble 2.8, are used to dorive w

sei of styliwed yiald curves for the fisglon-nsutran fiasion of U-280 and Pu'*s.aﬁ' ,

anc\ for the B-Mev neutron [lesion of U~288,

In enoh onme, the fission by fiaslon neutzons L assumed fo yleld aboul
3 neutronu per {ilaslon and the 8-Moev {isslon to yield 4 noutrons per fismsien.
For suvh & variation with neutron snergy in the neuiven yleld per fission,
14~Mev neitivon {lviion glves ihout 4.8 nautrons per fisslon, Al s glven mann
ohain yleld, the norenso in the neutron energy from thermal 1o Gsslon-

_ URRebtrum enarglaa shifta the right aldy of the henvy-element peak to the hesvier
~. iiviwen by sboui n 1/4-muss ynit,. Where vhere Rto B0 dabk 10 Indionte any

poanible changem in the fine ~siructupe shape of the yisld ourve wi the pork, the

.. 'general #hapo of the thermal~neutron yleld curves in retrined, but in sdjusted
* In haight so that the toinl y!elel in sach peuk:ls reasonably noar m. '

_ The Iarge disorepancy betwuun Kutoofl'n vmluu ahd thos sdv.n by .
Bunney (mes Table 3.8) {0 the rare earth yields for thermal~neutron Bianion of -
Pu-Ua8 may ba due to paraisient arrors inthe counter calibration. -The yiold
values glven by Bunney are Jower by a imotor of 1.5 at mana numbor 144 and
approach Katoof's valuss a8 the mass (nOTeasss; &t MAKN | Mumber 186,
THunney's-value in only about 20 pervent lower. Katool's vsdm ;Jva R pamK
Gum neaver 100 ﬁhcrnﬂaro are uud inTable .8.°

Oompu'lmn of the bumulluvu chaln yielt whhl two pawkl {A = B0 %o m
and A = 181 to 144) for howw types of Timwion indionten thet no very lange -
difforancen in the groke decny »ates of she fission producta (rom the theee

_ fimnile nuciides shoula be expocted. The mass~chain yields for mluanmoutmbn
~{ission -of Pu~280-appenr to ditfer moal from the yieldn-of the thermel=neutron

fimnion of U=285. For mans numbera such as 140 and B8, whose radiolsotapes
miy contribute more than 80 peroent of the totkl gamma radiation st specifio
timen afier. finsion, the largest ditfavence in 28 percent for mass number 140

~and 11 percant for mass numbar 88, The y1ald of mass numbar 90, hawever {a .
- mighitloantly lower for U-288 (8=Mov neutrons) and Pu~080 (fiasjon nautrons),

the dttfurencn are 86 uncl 4§ perownt, rupnumvely

The: ylelds of muss number 187 sre all more nnmy a.uko 'rho hmgsn
chiyln yield differences onour hetwawn the penks and the vinmu that appenr ai

" the hiphent and lowast mass numbers, Bul even for U-2868 flawten (f=Mov

neutrana), where the ylelda of the mass numbars naur.uﬁ aTe mors than &
Tactor of ten Inrger than the yield for U-288 {imsion (thermal neutronn), the
pontribution of theae "valley" nloments in n umhall fraotion of the total
radionetivity of the fission produota.

&




To une the mass chain=yinld values I computations of the nmount of
oach slement that in condenwed 1o form fullout and In oalowlating the gross de-
oay rate of the mixture requires rome usiimuie of the indopendent yiald of
sach chuin mpmber, Partly for vonvenisnos, the independent yvialdm pslouluted
hy Bellow and Ballow® for thermelnsutron fisnion of U-2385 are converted Lo
fractionus chain yields so thii they may he applied directly to all tha oumuhtm :
mass-~chain yln!.dn {or each typo of fimmion,

Although it apperra umt Glendamn'n symmetrionl uharge-dutribumn
ourve in ganarally wpuulble for all fianile nunlides in low energy neutron .
fismion, 1t has been shawn' thet the moni probuble charge, Zy, (for a givan mass

- distribution) shifts toward atability with inoreasing neutron enorgy. That 1.I, B

the higher fractional yields sppuar farther to the right (toward a Nigher %

pumwber) in any decay oRAIR, PRpPRA’ umed W discontinuous fuiotion for and

centidesed the primacy fragmants hefors nevtron boil~aff; Nowever, Wahl® has

" shown empirioaily vhet the function in mrm& {isnien of U-iu in oontinuous

Wi Was ariginally postulated by Glesdenin ot al® Hervingtan'® proposes two

~ change-distribution vurves, ond for Wi sven=wuiron nuciides md maum.

nhwm a me yleld, !oa- m add ~neutron suclides, .

M in olen that Mg 1 %0 unequivoos] ohoioe Amang methods for owti-
mating the indepandent yisids of the chain members, svan for tharmal-neutron
flsnion-of U-388. For ihe. indepsndeat yiside of higher-wnergy fission, the

| exparimental data arw raror yei, It 1a therefore azsumad that the fractiona] -

lmdwdmt yislda for thermal mmn of U-RSN caloulated by Bolles and Ballou .
on Gy in's postulate are not too inappropriste for any kind of fanion with

zl.ww sty neulrons, ‘Whan more dita boome avaiintsle on the tota) chain

yields and on the independent yislda for ench tisstis nucisds, the uwitqmd
ﬁawm.e.ml ume om\ly appliod to tw . ngmwtim

N

 The total WONTEY - mlwud inthe Manion procens can he auﬁeuhm by

- w.nnl iho maan paokingfeaction ourven, for the fna) stable vuclide in ehsh -

MRAN uhm, for ihe tienile nuslide invilved, and for tha Mmﬂ muium

yields, The' onloulated snorgy mugn are

199 Mey por Hianion for tisuion -neutoon U-388 tinnten, e

BOW; Mev par fiasion for 8-Mav nautvon tiwntan of U-138, o
Rl Mav par fission for mldan—muwm mnm of m«m. ‘

By use of the valua 1, mwﬂ onlorioa per kiloton of TNT, and :hc valua

_'-@;ﬂn'rxlo '“ calories par Mav, the number of fiasions that ralsass the same
enargy sa 1 kiloton of TNT can bo.oitainad. Thess nre;

kb




1RT = 1.44x10% Clumions (U-280, {iasion -noutrons)
1KT = 14ixi0™ flwmionk (11-3UK, K-~Mev neutrons)
1 KT = 1.BHx10™ fisajona (Bu-g88, fission-nautrons),

Al of the original computations in whioh this number ~of <fiaxians von~
~ varsion factor |5 uned are matle by using the value 1.45:10" fiamions por K'I‘,
without raference to the type of fisalle matorial the computation applias to M
The exoess neutrons, produced by the [Eslon process only, &rer .48 moles
par KT for U-285 (flesion neutrane), 0.47 moles per KT for U-g88 (Mev-
nnutrnnu). rndl 0.46 molas per K'r for Puﬁsaa (hulnn nsutrons),

“The enorgy lnd Dautron vinldl thm are pnulblg for upme th-rmnnunlnu ‘

reactions can'be estimated from the resctions gliven In mﬂw (p 18). Theae
lna!udc fisy dautar!um mmhlnatlnnl .

S ; n‘ﬂ‘ w gHe? 4+ Y :E!g\{:‘f IO S
| | . L - GHe! ot 17 0 ﬁnv
L un‘ LI L - -e 2.4 ‘Mav

o , ' 'rhn uumufthnggnq foma in !
: - . \

o qiu' = yHe® % .H!‘ ' o' + 28,0 Mev.

o L Tetesosed oneTEy mgun 1w mecr mu)i m-mmm mulnnulm Tm
L neutron ylum 1- 1.7 moles per KT.
For the bmlum ruutu.m. - o

I:H" " ﬂlw * Ben' 411 Mev. .

'I‘hu -muy ulenn for thin. mmton In-0.28 KT par mole or wltlum nwlanums
tha mum:n vlald SR malu per KT.




Py the combinpthon of Hght elemeonta, such us Hihlam sod dogterdym, &

foded bon muaeh uw

i Wl 4 MY e g Me® 4t 0 1D Me

at ooour. In this ranction, the snergy relopsod (o 0,92 KT por male of Mk -
um deuteride, with & neutron weld of 8.1 molon per KT, Several other neanetions
oan he formulsted dor the fuslon of thess Jght elemants; most of them give
renciion anepglos in the senge of 10 49 B8 Mev, pad newtron yields of hetwaen
rero and & for each reaction. Thiuw, 1or the eneggy -nelesse und the beatoe
yielin of thermonuclear resoticne, & reasonsble srdmats sewma 1o be vhat

~ about 0.8 KT of energy per mole of resctant iy tlenpbd, mﬂ wbwﬁ 2 B»mmﬂ:m
of neutrons per KT arc produoed. ,

I mdd vhnrmauluuluu WORPQRN, m mml wou o the oxglondan dn e wum
«f the energy velensed by hoth the fiasion and the fusion processes, However,
the wmount of mnﬂluactwve Cluwton protucia protuced depends axdy on the Ha.-
slan yleld, Thus, inoonsidesiae fallow, dhe matio of fiasion to teinl yield 40
an Lmporiant guantily ; the concentoniion of dhe Siasion products is dineotly
prapontions] to the oatip of the finsion yeld to mm tend wenpen yield. Fos
example, 4 the fianion au dusion plelde of A shunmonuclear waspan ase squnl,
the radintivh from the fa]’lmﬂ wmﬂd e dbenet half that «ﬁ‘f | “puws Hinnlon sanpon
iof the wume yield. ‘ . , '

) , The number of nautrons poedupsd 48 ko of drepant rxn ﬁuﬂi]:unt lmm
b . L wll the pevlrons selensed wee onpiuned by some neashy wtom, 8 considenrble
e amount of additions! ratiosotivity may tesult, it amay e nuted thot dothe fie-
' B . L . .wion.of 11-8AR the ameonrm .of mnﬂwurﬁq‘v& !ﬂszi..n:;pmﬂm legnowie Mjgﬁ -
. 047 molos/KT. U all Gf the exonns neutnons wers axpivned lhy pome mile -
wlanoe to produce & radioactive protucy, the total initial eadionctive yield

- T e - wieldl, the. neutron acvivations wlone wauld amount 56 8.5 males/KT. Thus, 4n
R : ~ nsenay, R pure thermonuolenr, b so-onllof " olaka, mmn wradel thlwu a
:«ldiulnmuml umpublmy hwiee thit e;t A pue mm Wapon.

 woskild the 007 malna/KT. In the snme sftugtion; tnt for 4 pure thermonutiens S

) But, it would be p rare ooonnnence thit hila uwmnm wuum e repliped,

© beduuee meny of the natursily oocursing elements thel ace in lange sbuntdancs
Aok An hydragen, /ilioan, OXVEeR, and SIWIMIALET) Gan CAPEURe MIGEONS 0
protuios slther nnather stabde nuolide or 8 very shopJived rationuclide. on
the athar tiand, if-a thormonucleny explosion ook place where such slements
ie-watliim (k) mangenese, oobwit, wned o on, were . nnnumﬂ.mmdm nppe

quamtt!va the rmlmm-u vo yiold af thege elementa oauld e FRpenl ;,e. 8513 htﬁh '

03
-2




2.8 The Mpuciure nad Compopition of fedividund Fallua Partfcies

information of the wiracture and compomition o individusi fallowt par -
ticion 1a oitained mataly from two Lypas of oheervations: (1) prirographic
s eadiographic sonlynes of Usin sections of (siloul particles aii (2) radi-
achamicul and ohomicsl acalyses of fallout particles. The results of analyses
of siagle (allout particles coniriule more to Ui usdersinnding of the (nllout
formation process than any other type of anslyain. The major limitstien in
the adalyses of singls partislss in ifat the methada srs not apisiinahis (o the
rudy of pardiclen of loss than shout 100 miorons (n diameter (and uaually
ianger) for the petrographic methods, and of particles with less than » given
radiosotive coatent for the mdicchemical methods. The pertinent resulis
from the petrogranhio and rediographic studies are summarized here, and 2
dencription of tiw wxperimoenial techingues follows the summary,

| ) u.‘ 1 :‘f;--'QZ: g I".?-,,-‘

 Particles mnn Ommﬂm Jungle in 1931 wore analyzed by Mamn. :

- Poppofi, asd Wallase'™ of the U8, Nawl Radiclogical Defense Laboratory

S {NRDL amd by others M2 The results of these analysss are the only ones -

avatiabie on Bilowt Grom A delonation o8 the suriace of & sillcate acil. The
parvioles sudind rasged in size Erom 200 to 10,000 microns in diameter and
e Melotted G (e besls of soflvity contenl. Thus the resulis apply (o the

- lariger sud mowt bighly radieaiiive of e fllaw particiss, The obesrvations
wers made on thiin sections abmt 20 microns thick nlul mm the ms,m
Mﬂ of e pwﬂmhl (ee. Nmmh. o R

 The Piaditgy are nuumd L lh“m:

T 1 ' tn thia mﬂﬂ;ﬂﬁﬁi aii oi the ﬁllml' p‘imﬂn miwhd
- . - ibrowghoul of & iTanwpsveni Flae (i, & fossdl TILIGALS mul]. .
- Maay pomtained fragmests of unmelted minersl graing and sir
S o Teobles tneide the glass, The minera) grains compoued per-
B — i B ey purcant of the volawe of w prraule G @0 ubbies -

= . ar voids oomposed something lke two (0 fur Hmes the
‘. .« volume of the mineral graina, S#ome parteles, (o the giane
L - plaw, ‘contained aelther-minerdl-graiss nor air bubbles and

L ae r\admeﬁww Al mm in ﬁw e b mimul mim. .

| T S

C ton small 1o e mu.my bdontitied with the anmlo

2R

Mew o the — graing i e glass particles were - —

“at

I
HEH &

sz Lotk e b

g sl




Figump ﬁ.

" THIN SECTIONS AND. RADIﬁdKAFHS OF $OME FALLOUT PARTICLES FROM A SMALL.YIELD
SURPACE SHOT AT THE HEVADA TEBT 8ITE, THE PARTICLES ARE A TRANSPARENT,
OREEN-YELLOW GLASS WITH THE RADIOACTIVITY Dl&TR!BUTED MORE QR LESS.
“M'?‘OPMLY THROUGHOUT THEIR voLumEs

)




miororeope, Thoso that ware lnrge enough were ldentifleld as
quarir or foldspari nhout 78 percont of the motl at the shat
polnt conaleted of thaxe two minerils, Most of the graine
wers smpllor than that of the native soll, apperred to ho
shatierad, genarally gave no appearance of heing melted, and
generally were found msoattered at random throughout the
gigmp phase,

8. A falrly large fravtion of the particles were apherical or
~ sphervidal; some were true spheres of aboui #00 miorons
diamater. The amaller of the partivle sizes studied contained
fewer mineral graing and volds than the larger Irregulariy-
- shaped particles, ,

A The‘exwrtor appearance of the spharioal particles varied
* and the radioactivity was distributad more or less home-
genwously throughout their volume, Many of-the spheres-had
amaller spheras nmuhad or partially fused to thair uurtnon.

" B, .. The exterior appearance of o ixreguler particles was the
- same as that of the native noll mineral graina, but In the glass

phase the madioactivity was distributed in an lrpqulur manner

thrnughout the l:r.,gulnn pemmlu.

- * 'The study. indicatad that the large ghul particiun uuntuinin; :
llcnmunt amounts of ndlonctivity oould not have been formed by direct vapor
-oendensation of the xilionts glass. Eleotron miorographs of Mllout collsated

~on air filkwrs revesied the presence. of sphorea having diametera of the order-
of 0.1 micron, 'Theoretioal calouiations such as those of Stewidrt!® on'the

condensation.of such materials as iran aid fission products (in airj in the

~ oooling firchall give paytiole diamatera of the erder 0,1 micron. In his

oaloulation, dtewset assumed.a firaball contairing 28 tons-of {ron in & radius
of 500 feet and that the growth of the pariicles was a combination of condens-

. tlon and coagulation, Itmn obtllnnﬁ [ ] mpdul du\mmr ot 0.2 mioran for the

iron oxkie particies,

" simpls Mnetio thnory oquations that desaribe tho growth of partis-

“olen by collinton processes give partiole-dinmeter values, for-the farmation of
particies of a given mize in the vkpor coidlenaation proceas, that range from

about 0,001 te 0.1 mivrun, depending on virious assuimed vaives of the initial -

: vapar density— Thue the-small spherloal pardelesin the NRDT: atudy, with

dinmeters of the arder 0.1 micron, probably resulted from direot vapor con-
densation plus moma growth hy particle impaction in the liguid state,

a0

from atranaparant ysllow-graon color to a light hrown color,

e




The lnrger aphorieal purticlop (wontrining racionedivity but very
faw or no minornl graine il ne voldn) weso most Hkely ofthor minernl graine
hented 1o tomporatiren nesy the hoiling polnt of the gluows ko that the glise
hecamo vory fluld, or were {rom o lnver of liquid =oil, at & polnt noppest the
initial tiroball gneos, that formed partiolos when tho orater materinl was
violensly pulled upward pa the fireball rone (n the uir.

The more irregulnr

partiolen contuining the shattered but unmelted mineral grain could have boen
formed by ths violeni mixing of the molton glaes with the graine of soll mineraln

that were ariginnlly outatde the melted sone. The volds also vould have bean
produced in this vialent mixing provess, an-well as by the partial vaporiration

of volatile conatituents in the melted «bi] that wam not sutficiently hot and fluld '
to permit the ononpe of thowe ganes,

ly a Ught brown in oalor, dnd -opague. In thin nedtion they were tranapirent
amtd coloriess, had the glans structure found for the surface~ahat fallout, but
aomatn-d 8 mudh htthar éaneaﬂtmtun of unmaltnﬂ mineral- l!'linl And volde,

-of oalolum oarbonute in-the form-of aiagonite.t’
“from analymas'of particles obtained from the Mike $hot of Cperstion Tvy,: thn
T Nrnt lume thermonuclear dotonutlon. M‘l lummun!ud L follomv R

2.8.4 Low Y!
' Mantiolea l’mm n lnw-ymld qndargmqu -hm, wape pinn qxqmmntl
bv Adama, Poppoff, and Walinos, None of the Invger particles wore aphonioal,
Howaver, fumed glama mphoeres in-the nmall sine range-(lonn than 100 ilorony

in dismeter) ware. cbseryad, Buperfioixlly mont-of the radionative particles o
- “looked like the original soll minerals of the detonation nrea, 'They wero- uuuu}l e

ﬂ.s.ﬂ. ' N

Pnrtluln lmmhln for nn&lynu trom datonationa of lugnyldltl
- WeRpony on the mirfuce of land Kreas are yestricted +o:those of the fallout ,
produoed from-voral atolls, The-noral rests: ma. 6! courss, -oompongt l:ualy

1.

y 'rhu pmtuin nvutlnblq for -tucb/ wern nwmu of a na'ifl
white material whnse dinmoters rangs from aboul 8,ui 0

miorons to less than 95 miopons, {Thoke aelectwl for
petrographie and radingraphic annlyses hnd diamaters
‘hetween ahout 780 and 1,800 microna,) -
The pnnmipa) ponatituants, as determined [rom X-~ray
tiffraction patterns of powders praparad from o group

il

The findings of ©, T, Adams, ™
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“Hiatrimted mere o T - '
' Wh«u dwbrtitione Were mml Boiind o e roluied 4o the «dhnmﬂcmn

of partioles, were onlelum onrbonnte, In hoth the cilene

une nragonlie forme, nned onlolum hydroxide, Sotdivem

shierdde wnt magneslum oxide were nine prasem but the
oelolum onthoneie wnd hytroxide notapountds were in highowt
phuntlenoa, Bmell wmounts of aalelom ndirate waee leo downd
on the exterior of some ipuwtﬂmﬂéun. .

Mont of the pwtsxcuhm B ocomposad of onloiwm hwﬂmmm,
with 8 surfece layer of caledum oarbonahe of dhe anledbe
structure, The dhickneas of the surtaoe apledum ongbonube.
imyer, an particles axpossd 4o the apen air, inovereed with
mna. These particles were geneanlly muLm dn whape,

A fow partictos constated-ot-anty calcium mmm i

((ﬂﬂ'“ﬂﬂ“i mmumu) ‘
Thve wndiogmagit o e i enctbons w fhe PaIticles. Showed

© thwt the yadioavtivity was aauily conosntested s bend nesr

{he outer surtace of the particle (see Figure .2, However,
a wignilionnt dewotion of die Mm-u windiad hatl mnilemotivit)
throughout direr volumen

oy ghysiosl m::mm of dhe particles,

Ml wmmumn son ullout trowm detonstions on (mm wis laver .

nﬂnud aﬁn Analywes were made of particies collecwd from obher Mhmmm&un o

ahetonstions and ly improved aampling methade and coverngs, A;nmnn

«Aisounsion of a1l the resudts wak glven gy Adnms, Pardew, and Sohell mhn ”
fﬁmﬁml pn'unum L] mnom trom Innge Idmm-twnu on openl mu

. e tnwlm particlen found xm!-ﬂnmbnm in ilh- @mwmnn L i
-Qvy Wike Shot Sallout were Wiwaya-dbasrved, Vardstions in
thiin genvend type of augular panticies included seme mmmm

oomaining & core of unittered oaloium ansbomde wnd wieos

with many small nﬁdﬂuh-mmmouwuak ﬁﬁhwal rﬁhmﬁ:

~ tio the pazticle rurfaoe. .
 Quoasionally, unaltenet ool nplmlmﬂ wore Wmml *thm thl

wmall bk apheron stbacohed o theid wuitaoas (voe Mgure
8.4). The sise.of the smull spheres genorally sanged from
submi trosoapio up to gbhout U0 micvane in diameteor,




Filgure 2,2 ’
mhgﬂ“-! SECTONM ANMD RANDGEAPK OF A FPALLOUT PARTICLE FROM & BMaLL YiELD
BUREACE SHOT AT MHE NEVADA TEST SITE. THE PARTICLE 15 A TRBMNEPARENT
YELILOWBROWN GLATR Wi TH Mavhy tNOL SIS GF Gas BUSBLES AND UkEL TED
WNERAL RAINR,  THE RADIDVCTIVITY 5 DIETRIBUTED IRREGULARLY MHRAOUGHOUT
TIE GLAER RHASE OF THE PARTIOLE '




F“m 2.3

o Titim SECTION .-.wa: mnc:sg,-m GF AN ANGULAR TALLOUT FARTICLE Fili A o
z LARGEYIELD SURFACE BHOT AT THE ENIWETOK PROVING GROUNDE, THIS PARTICLE B
T 15 COMPOSED ALMOST ENTIRELY OF CALCIUM KYDROXIDE WITH A THIN OUTER LAYER

OF CALCIUN CARBONATE. THE BADIDACTIVITY HAS COLLECTED ON THE iUﬂHCE } s
ARD HAS ﬁﬁfwﬁﬁﬁ A v’n‘iﬁit mﬁrm nm'u ‘mz Pumcw -




Figure 2.4

SECTION OF A FALLOUT PARTICLE Fﬁtw ALARGE-YIELD SURFACTE SHOT AT THE
ENIWETOK PROVING GROUND. THE BMALL, BLACK, RADIDACTIVE SPHERES MQWH

Ui

ADHERING TO THE SURFACE OF A CORAL SAND GRAIN ARE FORMED BY VAROR:
CONDENSATION, WITH SUBSEQUENT OROWTH BY COAGULATION OF MAT!RMLS
'VAPORIZED N THE FIREBALL / "




do The third genoral type of pariieie jound was apherioal; it was
compaged of calejum oxide that, by the time of analyais,
had pardally hydreated o onlolum hydroxide. The surface
wie coversd with a thin layer of caloium carbonale in the
‘onlcite form. In these spherioal forms the radiosotivity

was usually distributed more or less uniformly throughout
tha mrunln {aep Flgurs 2 8), ’

4, Tha fourth general typo of particie found was a very fragiia
flufly particie simiiar to a snow-fluke. (Most of those
apparently liroke easily, aither on ianding in the pollsotors

. GF in the handling and lhlpping of the gamples.)

- The lngulw particles, the ones having the irregular shnpa of -
fumur-d ooral grains, must have haen heated to tamperatures higher than 800
o 900°C, since. (his range of temperaiures deaarbonaten the oaleium oarhonate,

—-However, the angular parilcles did nét reach the temperaturs of 2300°C re-
quired to melt the oaloium oxide. The microporous oslolum oxide wan hydrated
iy atmospherio water after 1t cooled and during ita fall 10 the earth. The
calolum onrbonate lnysr in the oaloite form must Kave baen formed from the
carhon-dioxitde-of -t nhnﬁiphcriiﬁuf the particle had cooled, winow onloit
1n the stable ltmomrt fnrmod by thu rmtinn at umpormml leas than 30°C.

: 'ﬂn lmull omp-m!-w-blmk iphmu were uﬁr—m\dinud
//’ partioles conststing of & mixture of oalolum, iron, and fisslon~produced oxides.
\ Sinoe it was luter found that a large fraotion 6f the activity was in lonlo form

: md oould b lomhedimm thunwlar plruolu lnaking the apheres on their

molmll.r or lnt\ln form in the struoturs of the particle. The baiid of aotivity
7 -around the odp of thn partinh lndmul tlut some lnward d[mulan must have
S _umrrid ‘ T -

T The umm pnrtluln on the lurf;eﬂ uf ﬂu lll'[ﬂ' onu. huwvur, did:
not lose sotivity by diffugion, Honge, some of the aotivity In thess irremilar
particles must hive besn collected by the vapor condensation uf fission=product
slements in their moleoular form and some from collisions with vapor- -

_oondensed solld (or liquid) partiales ranging from molecular aize to 10 miorons
in diameter, The solid oalcium oxide, in (he presenoe of oarbon dioxide, oan
exist hetween 800°C and 2890°C, and many of tha fission-product oxided can
__condense from a vapor phase in thia temperature range. The iron. for '
~ produstion of thé vaper-condenaed NpieTER, TAMS Trom the Atruotured around '
the tﬁit dﬁvlqe. and the oaloium oxide from the vaporized coral at shot point.

a6




Figure 2.5
THIN KECTION AND &ADiDGRAPH OF A 3PHERICAL PFALLOUT PARTICLE FROM A

© LAROE.YIFLD SURFACE SHOT AT THE ENIWETOK PROVING GROUND, THIS PARTICLE
18 COMPOSED ALMOST ENTIRBLY OF CALCIUM OXIDE WITH A THIQI s_u_nncg LAYER

T e OF CALCIUM HYDROXIDE AND CALCIUM CARBONATE, THE RADIGACTIVITY IS
e DISTRIBUTED HORE O L.ESS UNIFORMLY THROLGHOUT THE VOLUME OF THE PARTICLE
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The spherical partoeles were formed from ooral particles heated to
tomperaturas hatwaon 2800°C, the melting point of oalelum oxide, and about
3600°C, Its bolling poini (in the presence of shoul one atmosphere of oxygen),
Binou thin temperature range 18 aol large and would be of short duration,
spharical pariloles wers neither formed nov found in great abundanceor in large
kine ranges (n coral fallout. Aléo, melting would destroy the porous atruoture

of tha calofum oxide, so that the hydration procesx .ould be much slower, hence

in these apherioal coral partioles a large fraction of the oxide would not be
convertéd to hydroxide until aftor n !nnz eoxpompire {0 humid aimospherio
conditions, : _

Hydrntlon of the fused oalolum oxide nvolves rn inarease by &

‘ fncedi- of'2 In the volyme of the polid, resulting in & rupture of the crystal to the
° .orumbly, flufty structuie,: Henda the fragile fluffy particles may have formed

from amall vapor-condensed caloium oxide partioles that hydrated as they fell
and agglomerated with other similar particles. Somaof thase pariioles may
have hesn fofmed from largar malied partiolan that oollided with watay dmpl
in their mn And thue uomplotely h\'dutod to tho nbumd ltructuu.

have baen oollnutad and analysed, The results of mrlyses on particlen from a

“tower detonation over silicate soila by C.E, Adams and J.P, Wittmm"“ sre
iummmud an follows:

= — 1~ The. pnmulo N1 uned I the Atudy ?mpd from 140 to 1780

“miorona in diameter. Mdst of the particles were brownstox
‘black sipheres or spheroids, it acme wers irregular in .
shape (aee Figure 3.6), Moat of them were magnetic, - m

purfacw lunter was between dull metallic and  brillisnt
‘gloas, Thelr measured densitien were betwean 1,4 and
X um/um' ‘Many of the purtiom lml lmnllor !phl!‘ll

—  —  fusedoiito their purfaces, , ! P

2, In thin seciicn the oeniral core ot the pariloles wis (rana= -

- parent glags with a color ranging from light-brown to
coloriess (pee Figure 2.7). The pore was surrounded by an

trregular thicknesa of davk brown (o1 black) opagus glasse.

8, The glaes oooasionally had flow lines and In MARy ORRGE &
fairly Iarge number of voids; the latter were responsible for
the sxtreme variation in the ohsorved denaities. A few
mineral grains were ohaerved in the glass matrix.

a8

, nlluut pu'tloln from tower shota ovar hoth coral, And xtlicate Iolll '




Figure 3.6
TWO FALLOUT PARTICLES FROM A TOWER SHOT AT THE MEVADA TEST SITE, THE

PARTICLRE ON THE LEFT 15 A PERFECT SPHERE WITH A HIBHLY GLOABY SURRACE,

THE ONE ON THE RIGHT HAS MANY PARTIALLY-ASSIMILATED SMALLER SPHERES -
ATTACHED TO IT8 SURFACE, BOTH PARTICLES ARE BLACK AND MAGNETIC AND

. HAVE A BUPERFICIAL METALLIC APPEARANCE, ‘THE INTERIOR STHUCTUM OF

THI$ TYPE OF PARTICLE |8 SHOWN IN FIGURE 27

ag




Flaura 2.7 :

'TH‘lH SECTION: AND RADIOQGRARH OF A FALLﬂUT PARTICLE FROM A MODERATE.YIELD
 TOWER SHOT AT THE NEVADA TEAT BITE, THIS PARTIOLE I8 COMPORED O A
© TRANSFARENT GLASE CORE WITH A DARKLY COLORED IRON OXIDE GLASS OUITER |

ZONE, MOST OF THE RADIOACTIVITY IS CONCENTRATED IN THE QUTER ZONE 5

40
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4, The radiographe showed that the radioserivity was usunily
more highly concentented v the opaguo glean sround the
core. In some pariioles the core was inactive; in atheras
the eadiokotivity wan digtributed in o mors or loss random
manaer throughoul the partiols,

The strong magnetic propoerty of thase pariiclen was due 1o the tron
oxide (opuque) glaas around the central care, The smaiier particlos tanded 1o
ks more spague througliond their volumaes; {.a., without tha tranaparent mlﬂll
core. ‘The amount of {ron bxide giass varied somswhat with weapon yiwid and

with the tower's size or mass; tha heaviar W0wer Lypes Tomiied in panwim
~goniaining as much A% an Average of 3 p-rmt iron hy welght,

™ mm;mm

The rnuih of maﬂyioﬁ of iiii'ﬂﬂlﬂi {rom & Wwer detenation over
~coral sotls by C.E. Adams and 4.D. O'wnmr" are smmmarlud aa follows:

T B I Lig 'ﬂam genaral wpen of radioantive pgruolel were found.

\ 2, The most abundant Lype wan dull biack, apheroidal, weakly
4 magnetic, and oracked and velned with whits orysialline
; - matarial, - The sizes ansiyrad had dismeters from shoul,
800 to 1000 microna, The thin ssations (see Figure 2.8)

stiowed mt theve mmolu Iud n mtul mn-«oﬂ;tully

IRSLY ONYEH Ve WY

.md calnlum @arhunlln hy the time of mmnmg--tm was
‘ .. sirrounded hy a thick layer of black opaque maierial '
- {dentified a2 dicalcium ferrile (3C40'Fe,0,). The white -
~~ __ __ muterial in the veins wis found (o bs & mixhire of calelie

~ 4nd vaterite, the two low.ismparaturs orysial forms of
N o " enlelum carbonate, The radlosativity was wiways von-
- - [ - cantrated In uu diealoium ferrite phase. -

5 The amnd mcm ahundant. wpo wah 3 magmﬂn blwk

" spherical parviele with a glosay luster. The partiolys :
in the aampies analyred were betwean 230 and 300 microns
in diamutor, and wore camposed moally of magnelite

 {Fex0y) Mong with soms hematite (Fay 0,). The radio-
aotivity was [ound to be more or less uniformly distribuzsd |
throughout the pariicie volume (ses Figure 2.9),

4. The third tyﬁﬂ. not v«i-y abundant{, was white and irregular in
shape and fonked much like graine of the original coral, The

1]




thin wections whowed these particles o e composed either of
unaitered coral o of ealelum hydroxide with a thin coating

of ealetum carhonato. Many small black apheres with
diameéters about 10 microns ar less wore found atiached to
the surface of these luast Abundant particles. The radio-
aotivity, as shiown by radiographs, was conoentrated in thuo
attached umall hiaok sphares. ‘

© Mhas moat abundant fyme of nurtieles eontained rucah.lu'n ferrits;
uuu oould only have baen rnrmod aither hy un reaotion hetween liquid calolum
oxide particles and iron vapur in tha presence of axygen or by the impaotion
and solution of small drope of liquid iron oxide to form the dicsicium ferrite,
Sinoe the oaloium oxide has a two-fold volume inorease on hydration to the
hydroxids, the veing must have formed sftor tho particlas solidified undor -

Intornal pressure resulting from the hydration of the inner dore of valclum

.. oxide. In this process, some of the hydroxide apparently diffused ito the

. Masures whra it was carhonaled by atmosphorio onrbon dimndn

" The sepond most abundsnt typs, the fron oxide purualn. were

! pmbably ‘tarmed during the cooling of the fireball by the oxidation of liquid fron
‘dropa’ifrom the steel tower). Both the vaporised iron and some of thy fisslon-

produot elsments apparently candenssd more or less simultansously to form
thess partioles; apparently lhny molidified without oollldlng with mnlun oalclum

" oxide puuoln.

"etlelm, oxide (s 2800°C, the two would not he present n liguid form In the .}“,f
- tomperature range 1600°C 0 #86.°C. In fact, the more stable liquid iron oxide 2
~ (in the preasnos of aboul one atmosphere of oxygen at tamperatures above the '

aum the maltlng tamporutun of magnetile is mn‘c md tﬁn of th-

_molting point) ia Fe0; under thess conditions, ite bolling point is about 330000, . .

- Thus the tomperiture rangwover whioh both {@quid esltew owide snd fron oxlds
‘may oxist s between about 2600°C and. 8300°C. The iron cume from (he tower,

it was loosted nearer o the oenier of the dotonation than the oslolum oxide that

* wila originally coral a!.tha bege of the lower; the presence of the pure iron oxide ~
_partiolos indioatés that the two matsriala did not mix homogeneously in the

fireba!l by thw time 1t cooled to 8600°C, The ahaence of onloium In the particles
also lndlcnm that the amaunt pr oklotum ox&da vnpuriud waa vnry amal!,

The third type of purtiolu wia apparently formed by eolllllunl bnlwnn

.the amall vapor-condensed {ron oxide partioles and graina of coral not heated

0 RERIC, Thus these least-abundant partioles must have formed at Iater times
than the oiher two types, The fao( that the small atiached particles were rs

- large as 10 microns Indicates that the inttial vapor condensalion process
. gontinued long enough to permit conciderable coagulation,
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Plaire 2.8 : . . J
- TH'N SECTION AND RANOORAPH OF A FALLOUT FKWLE FROM A MODERATE: YUELEV . !
-4 . TOWER SHOT_AT THE BNIWETOK PROVING OROUND, THE GRAY CENTRAL AREA AND S ' ]
et i VEINS ARE REMNANTS OF THE ORIGINAL INACTIVI MELTED CALCIUM DXIDE PARTICLE, o e

i . - . THE DARK AREAY ARE- TH! DICALCIUM F!RRIT! I VIHICH THE RADIQACTIVITY 1§ P . J

CONCENTRATED : } IR
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FI ure 2.9 ‘

, ‘TH'N SECTION AND RADOQGRA"H or A FHLLQUT PARTICLE FROM A MODERATE.VIELD
TOWER 8HOT AT THE ENIWETOK PROVING GROUND. THI3 PARTICLE I8 COMPOSED
AMTIRELY OF MAQNETITE AND THE RADIOACTIVITY 4 DISYRIEUTFD UNIFORMLY

- THIQU(IHOUT I8 VQLUM!

W




That the pure ivon oxide particies were not oheerved in U falloud
from tower ahotn over slliorte moll doon nof prove their nonexistenoe, ut thad,
if produced, thelr abundanoe In the faliout was very low, This in heel explained
by the faol that the gikas from milioate minerais can exist in & Hguid (i, Muid)
state At tamperatures sven lower than those 3¢ which the pure iron oxide
solidifian, This would permit more time for mixing in the fireball and for
coagulation of the liquid dropsof iron oxide and the silioate minerain, Bince
many of the wilioata glans partioles had amall spheres atiaohed or fused onto
thelr surfnces, the proceds of ooagilaiion must have nnntinund until the surfnoe
m the purrmln WAR very visoous,

- Wenpon yu-ld. the hot;ht and‘mans of the tower, and the boiling
temperaturas of the various SuDNBNCEN ATH Ali TACIOTE I determining whether
-ground-surface materials are vaporized, and, if they are vaporized, in deter- .
mining the quantitiea that anter the fiveball in vapor form, Mont of the fallout -

partiolen from towsr shots ars undoubtedly derived from graing of ariginal sofl:

~ Howaver, In one oF two oRmeR, whers the surface sail contsined an appreciable -
amount of subatanes that melt at low temperatures, stioh as wodium oarbonate,

. that vould sot as s fluxing agent, avidenos of liquid puddling on the surface of
the soll undexs the tower was obmerved, . = . - .

aaegnmsn....,_q.nto n (Ben Wagar)

: _ only a fow fallout particles or-ligquid drop: from dcwnmcml on.oy
nur the surfacs of the nosan have basn analysed, mainly due to the fuot that .
. apecial analytionl techniquos not available sarly in the wanpons tast series had

to be devaloped, Howevaer, apacial raagent flima developed by Fapiow®® for -
analyzing liquid drops were used on a few pollected aamples (nee Figurs 4,10),
The partioles, collected at a wingle Inoation from s detonation on & barge

© —unohored (ke Tugoon at Bikini Atoll, vonwinted of & saturated aolution of sex
water sulis, woms suwpanded orystals of lodiqm ohloride, and lumi mnmbla L

wolide, , L S

- Montof the ingeluble woltd mlumlu ware fomrd tw be aitiom!"‘v"

of amall nddinh-ormmm-blmk spheren, Boms of thase were &m Iarge an 80
miarona in diameter-(ses Figure 2,11}, From their X-ray diffraction pattern,
“the apheres were idontified as balng componed of dioaloium ferrite. In these
-particular aamples, only about 18 peroent of the aotivity diffused into the
rengent filma; the remainder was aenooiated with tho molids, The iron oams

~ from the invge wtesi barge snd ihe onlojum came from the coral sand used an -
bullut in the barge,

)
=
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Figurs 2,10
PHOTOMICROGRAPH OF A DK‘HHBMAT! REAGHENT FiLM OF AN INDIVIDUAL LIQUID
FALLOUT PARTICLE FROM A LARGE-YIELD BARGE SHOT AT THE ENIWETEK RROVING
GROUND, THE SOLUMRLE CHLORIDE IN THE DROP HAS REACTED WITH THE REAGEN"
Fil.M, FORMING A WHITE CIRCULAR AREA INDICATING THE AMOUNT OF CHLORIDR IN
THE DRO®, THE AREA OF THE CENTRAL ELLIFTICAL TRACE COVERED BY SMALL
SOLID PARTICLES 18 A MEASURE OF THE WATER CONTENT OF THE DROF, THE
SOLIDY IN THE CENTER ARZ SMALL SPHERES FORMED BY THE CONDINMTIDN OF
THE VAPURIZ!D IARO!! AND- IALLMT MATERIALS

vl esTi




Elgurs 2,11

ELECTRONMICROGRARH OF THE RADIOACTIVE 80LIDS IN THE L.IQUID FALLDUT
CUPARTICLES PROM A LARGE-YIELD BARGE SHOT AT THE CRIWEZTOK PROVING GROUND,
; THIS AGGLOMERATION OF VERY SMALL SPHERES, EACH RORMED FROM THE )
CONDENBATION OF THE VAPORIZED BARGE AMD IALLATT MATERML‘, IS COMPORED
LARQELY OF DICALCIUM FERRITE

™




 tase than °C. In these layors the pnﬂleln would h solld, and the tme that o

Tor thess wen walor Tallowt purticlos, the pesociation of the reaulis
of the analymes with possihle Wigh-tomperaiire reactionm in nol quite an
wiraighiforward am for the completely solid partivien 'vom the other (ypen of

detenations, Because of the presonce of waler, the droplet or particle oan

change {n sire, Perhaps changes in the relative amounis of various chomiead
oohstituenis mlao coour during the (all af the droplel through the atmonphere.
These changes are due 10 evaporation of water in the drop or io the condenmation

of tmonpheric weler vapor, as well as 1o a nnmmull proonss of necemuuh of

neighbo ring plrudpian

Ggr.ta,m!y.: largs amount of sen waler would be vanorized (njtaily
along with the fianton-product elements nd ihe solid malerinin of the bomb
Mrucre {ncluding the barge and ballsst {5 1he lest shotad, The iren and

. osloium oxide vapors condense, to form the amall calotum ferrite particles, in

muoh the SKie Wiy &3 was observed. in the falluut from the coral syriace and
tower detomations, These oxidas and pome of the mors refractory fasion-

- producy axidas would mwl@nn firsl, at the highar tamparaturas.. The naxt .
- subitAnOeSs 1o oonden e Ate e mdmm chloride and the less refractory rmmn
- producte (oxides, hydroxides, or chloridess, And finally, nt sperutuves

avound 1O0O, the water vapor condenses. It Is ltkely that the firat particles ta
be forined serve as nuclel or surinoes upon whish the remaining vapor condenses,
although this may not be the only process invelved. The azme foal pariicle could
e (ormed hy sepurate conduisation of the vartoun substancer, and by particle
growth by improtien, enpeoinily when the water drag. jyre puuem m lquid form
end in high oonoentration,

" Thoe water conbent af the finwl plt‘ucli would dcpq\d an the humldlly o
wnd lemperatare coniliticns of the Kmosphare through wiich ft Talls, Whne ie —
final wator content of the partiale would he determined b2 4 Inrge dagres by

 these conditiona in the latent part of their i} irajeciory near the exrth, the

partclen oarried 1o groal alttudes would fall through atr layera af mmp!nmni

hrm fraction ml‘ thelr um fall tma, 'ﬂn m- mlfur gRin tn witer content

daring v fudl wouid resuit in corresponding Ehlﬂ]‘l in pmtiulv liu and dimllty
An wall an (n fall valaoity of the paridale, )

582 W@Mmm

The-oiamialenl fiferences of the dati, with fiiii’ o the rmallan

of the fallowl paitioles in the oaoling fireball, Are

1, Tihe vapor-condensation of amall partioles boging &t the
highest temperaiure at which a macorosoopic Hquid phase
oan eximt in aquilihrium with {is saturated vapoer. The

N
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atbminnee forming thin tnltial Heuld phase (s nlwieys nonon-
radiogetiva mnderinl, sueh na tha metal oxtdes from the
sleuctural compononts of the weapon and/or the dosomponition
pradusts of the wolls, Theso substancos nre the ones,

noarest the point of dotonation, whoso vupors are intimately
mixed with the {ission~product gas atoms. Bome of the

figmion product aioms or molecules nondense to form a

ditute solution in theae particien.

Haated soil {and tower) malerials are doawn lnto the
fireball a& it rises; acme of thoss form partiolos from

the disintegration of a lulky iaver of liquid material-or

are othorwize meited hefore they entar the cooling fire-
hall. Cortain other prticles nre meltnd after they enter
“the fireball, kome are only partially melted, al some are
not melted at all. The degroe of heat treatment received by
the various types of particles depends upon the time the”

particle entered the firebail, its trajectory through the

“hot gases, the temperawru along-that trnjmtofy. and
the particle’s velooity. ; ‘
"ri"h”u hu-gm' of the melied pnrticlél collido with und dls~7
sulve tho amall vapor-condensed partioles, thus acquiring
the radionctive elements they contain,

-Radioactive elements that remalsi in the gaseoua state
during the time these melwd particles oxist--that Is;
when the fireball tomperature is betwesn the melting and

~holling poinis of the pirtivies-~vapur=vandense direotly
-onto the particle surfaces to form dilute solutions of the
mutually -soluble oxides or corapounds. The elements may
solidify ns separale phasen in the parvicles if the con- -

. aentration is suffioiently lirge, or remalin essentially
CdWan impurity site ty the opystal or :tau phana of the

'Iamnr malud pmlulu.

The Intent woiid pariivios 10 arrive in ths tu'eblliwlnde
with and acaverge some of the romaining small particics,
-which then ramain on the gurface of the Iarger (unmelted)
particlas. Since these salid partiplexs colloet on thaiy
surfaces othor particlos as large aa 10 microns in diameter,
Hhey can alio vapor-vondense on thely sunfaces the more
volatile of the radionctive atoma not previoysly condensex!
into the lguid particles, And, sirce some of the {imaioh
products are yare gas eloments, this latier type of con-
denmation proceerds as long an the particles and gas sloma

remaln logether. 1
44
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Tho partlole thin~sootion snnlyses, although giving muoh informaetion
on tho strvotirow of fallout partloles s on tho wity thoy are formod, give no
quantitutive datn on the radlo-~chemion]l vcomposition of tho punrtlolos, and only
o lmitod smount of unclnesifiod information is avallable from radio~ochemion!
ninlynon nf fullout partioles. The firmt lnlnvmnt!un of this kind wam reported
by Kimura® et ), who presented analysoa of iha fallout from Bhot Bravo,
detonated on Maroh 1, 1084, The fallout for thems anglyses contaminated the
Japanaes boat No, 8 Fukuryu Maru, S8ome of the prriloles, called ashes or dust
beoause of the white color of calojum oarhonate or hydroxide, were ooileoted by
the orew of the ahip who varried the material back o tha Japanese mainiand
where the analyses were madse, :

In the. rapnrt. Kimurs chose to refar hia data to thu thermal-
neutron fisaion of Pu-230, Tho data were reanalyzed on the basis of 8-Mev
neutron finsion of U-288 heonuso of the raported high abundance of the nuclide,

- U=307, presumably produced by & .(n, An) reaction on U~228. In this instance,

" the Pu-239 was presumably produced by & (1,Y ) redotion on U-238 in which
“the Initial product, U=289, hid, to a great degras, deoayed to Np-ﬂaﬁ and then

- to Pu-380 by the time of the analyses, Kimura's data are gpomparsd with the
-onloulated aotivitien for U~308 fiwsion at D + 48 (38 days after datonation) and
‘summarized {n Table 2.4, The ration of the obsarved perosntages to those-

caloulated for the rare earth nuolidea, Y-91 and Nb-08, are gruater than one.

. It im olesr that the paraentage of fission produataotivity missing is greater than
" the 17.48 percent unaccounted for in the sample analyses, To oheok-the reality -

of the high yield for Nd-147 and the low yield for Qe~ 141, the two lon~exghango-
alution curves given by Kimura for the rare earth nuolides at D + 40 ware -
integratad, giving the following paroentagos: Y-p1, 18-21 poruqnt; Pm- 147,

Nd-147, 3-18 percent; Pr-148, 18-00 peraant; and Ce=141, Ce~144, Pr-144,

U= 00 paroent, These values agree with the onloulated percentages of Y~81,

@1 parcent; Nei=147, 10 percont; Pr-143, 35 psroent; and Ce=141, Qo= 144,

Pr=144, 48 peroant, at D.+ 40. Thus it was concluded that the ratios-0.88 and
2,00 In Table 3.4, for Qu=141 and Nd~ 147 respootively, do not indicate n

»dnplatmn 6r Co- 141 and Ll enrichment ot Nd-m

Auummu thnt the rare earth nlamunu, ytmum. nlmonlum. and
nlubiunrm in tha ooFract ration foF U~08 fiskion, their gross oontribution to
the ac«tlvuy may ba. used an.a basia for eatimating the relativa depletion or
enrichmant of ather fission~produat nuolides. The dain of Bolles and Ballou*
for U=238 fimmion products (with adjustment to the fission yieida of Table 3.0)
wers yuad to asloulate the nercentage of activity at D + 28 for U-2028 fizalon with
8-May nautrons. The indioated unfrastionated nioclides Gontribute 46.9 peroent
of the beta aativily, whwreum the nhwarved pareentage wai B0.0 paroant; hence
only 74 peroent of the normal fission-produot mixiure aotivity must have been
present (o the sumple. The remaining 48 peroant was then either with ancthar
group of pariiolas of did not candense on any large fallout particles,
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- various nublides in the fallout were compiled froin
2.5 and other souroee as noted, In'addition to thé rare gaa elemednts and thntr

The Lon exchange elutlon ourver roportud by Kimura for a gross
sampia on 1+ 20 to 22 wore almo integrated and ndjusted to the poroentngen of
the total notfvity lying under the ourve al D+ 21, The results are given in
Table 2.8, nlong with the data from Tahle 4,4 for vomparison, In this oase, the
obmervad perowntage for the rare earth (ytérium, sirconfum, and niobiym)

nuclidan is 65,4 percant and the oaloulated fraction ia 40.4 percenti this indionten

that, at D + &1, 66 parosnt of the total notivity of the normal mixture was presant
in the snmple. The percuntagen at the two times dlﬂ'er A little; they would, of
courae, be sxpeoted to ochange with umo '

The estimated fraat!onntion numboru. a:A). given in Table 2.4 for-
o data of Tables 3.4 and .

daughter products, the important eldmahntys in the fallout that waras depleted

~ inolude Ry, Te, and 1, Other elements uhdoubtedly were algo tranttonated but Are

not listed beosuse they would not oontribute signifioant amounts of motivity at
D+ 21 and D + 28, The summad bnta activity for the unfracticiated mixture

AR

" Pu-230; with a 94 ,800-yeny hnlf-llh and ﬁwmed from the dnuny of.

U-R86 and Np-285,has & decay rate (1/A) valud of 1,11x10M atoimn of Pu-280 pll‘
“d/m AtD + 28, thc reported ratio of the Pu-280 sotivity to the fiasion produot”

activity is 8,0x10°" . The product of theae valuea gives 0, 8 atoma Pu-230 per-
fission, Thin in unontinlly dqull to the numbcr of U FLTY ntomu formd lt rero

Tha mm ‘of the lativlty of the U287 to-1 the fllllion produuts at

14 98 I given aa 80/80, Tor the 6.78-dny halt-life, 1/A 14 8.48x10° stoms
- -m per d/n henoo tho rolmva upturi number, O, is. - , S

-0, mm]

8 @y

amm (ﬂwaom 42 x 10' X &.49::10‘“/.1«9 [.

om0, 1& mml/ﬂunion ‘

" Binow the :lphn-nnuntln; tmahnique and upumiou mathode mllht

_ result {n low valusn of Pux089 notivity relative tn tha total, the visld of U-088

(or Pu-284) in the sampla could well have heen larger than 0.8 aioms per
finion, For a hrond enavrgy band of nautrone centering At shout 8= May, the
yield froma (n,Y) reactionon U-~238 oould be as muoh aa A timea the ymd of .
thn (n. 2n) reaotion, .

62

.

- of notivities st D + 28:48 7, 81x10% disfntegrations per seaond (d/s) per fisston, -
* .« Binés only 73 parosnt at this’ amount {a prounh in:the tallout wample, thn ‘
oqutvnlont beu Aotivity at D+ 36 1s 8, 49x10 d/ ] R"‘ fmlon. :
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Tuble 8,0

HUMMARY OF BENTIMATED FRACTIONATION NUM IR
FOR BETA-BMITPING NUCHIDES IN CORAL BATLOWY

FROM NOCB FODRURYU MARTE AT THAL AND DR

I'notionntion Number, va(A). |
Pyl 13440 Nolueoted
Nuakdo | Nobo g | g | Value
Re=Rp = [ 1 {0 - AN L

| BreRD 047 10,22 0,44

- Ar-0 047 | i 0.

. Y=o 0.7 0.4 (Nt
Nh=0n o 1.0 ) 4o
Moth9 1 (1Loy | (L0 )
Rus108—1 T L0y 1 (L0) 10
Ru-100 2 0.14 0,41 0.41
Rh=100 2 0,4 041 -0l
Ag-111 1 {1.0) {1.0) L0
o =1in |1 (e | (1) 1.0
Oy =110 1 (1,0) 1. (Lo, L0
““"11“ ’ - (11") : (1-()) 1|0

TBnel@0 [ [y (L | 1,0
Bh~ 127 A (Lo [ e 10
'FU'N" - ﬂl‘ il'o) : - (1.0) llo .
Tow181) 'R 0,00 | oY 0
Te=113 | # 008 [ 09 T -0

1T 1 W 000 0000
Xo=100 I Ty ity o .

e UL S = 0,8 aan
- =140 : At - |00 040 -
Tai=140 H40 . 0.0 0.40
Co=141 1.0 1.0 1,0
Ce=f44- | o 1.0 ——+l
Pe-bH- — 1.0 S 1 A

il -




Table $.00 {esne hided)

NUMMANY OF BHITMATED FRACTIONATION NUMERH
FOR DBEFA=BMETTING NUCLIDBH N CORAL PATLOWY
PHOM NOCB FUSHRYU MARU A D431 AND Dan

Fenotionntion Numbor, ry, (A)
gt | Bolootdad
Nualido Nm'“ duta dntn Ve
CNd-147 18 1 e 10
l"“"‘l—“? ]-0 ".0 l )
Bm~1hit A0 (NI 1,0
: , - LIGEI LR 1.0 1,0 10
- ’ ly-104 1.0 1.0 1,0
T = | tuetnn 1.0 | 1.4 1.0
- Coe 7 -Nole I“ﬁhimnwd 7 7 . . T T T
[ ' ‘ Nolo @t stimatod from ton oxohnnige olutlon ponk

_notivity porgentnge and feony data of Reotlon |

2.8, glving tho rointive fraotlons condenrod

ol mnmw. mnmhm'n 14, AN, ignh, and 100, o=
uiderad to Iw in Hm wmﬂ of 1110 | AR,

J o I Nole By 1'vom A |)IM nf r',(/\) vm'auu tho half= Iifu ol .
Jo : » vnm-u'nn |wmmvmm.

nn




Homny B noded Uity ot T8 80, e velntive netivity of bl howy
Np-240 1x 2,008 10°" o/8 por oy of U230 protheed inttnlly, and for 0,70 dny
LLAT It IR 18070 (/8 per mtom of U817, Phus, even ot 0 (- | yleld
ratia, the netfvily of the Np-230 al 10 20 wirdd he oty 17K of the U307 netivity
antl would he diffteult to detont, Tho fotar of B weid glve n unmum« minther,
QRany, vplue nf 0.7 ndma poy Huulnn.

Tho m\imml wot of umdmmmud b on the vadtochemionl contont of
riionotive prrifolos wam roportad by Maokin anid coworkers at NRDL Mo The
spmple partiolos wore obthined from detonadtone on cornl-istands ot the 1 mwoiok
Proving Grouneds in 1080, Iy this cnme, naslyses are made for only o fow ‘
radionuolidon: Mo-0n, 8v<R0, Bu-140, ned Np=280, Howoavor, no Np-230 datn

- Are reportad, T addition, the grogs notivity of the particles ls measured hy

using o woll-oryninl- (WO) Nal(T'1) sointillation countor and a 4x hlgh-prnnuu o
argon auu (nt [} pmnuvcﬁ of 400 paig) gamma Iunlv.uunn chnrnhur LU

Muny of m"-* pavtinlon ware wolghed un thnL npm_mo nebivitles eoyld

= ho datormined, and wore dath on gross anmplos wore chisinod, "The Mo-np

vardfonuolitle was utiiived us the "fHaslon traser with the nasumed ytold of 6,1

- degroe from other papt! elea of the #irme gl tyjpe,
" lype of deoay eurve, the carvootions (o i domimon Hmo neeonly approximnte,

,.nH the monmurad qumnutlun.

peraont; this ylold valuo 1s sufficlontly clome to the ylold for the R-May noeutron
T1asion of U-Z38 that no adjustimont of the roporlod valuos wis roquiverl, Bomo:

of thodata nre summarixod in Table 2.7, Tho pertiols type tlonignationns faltorod!

and ”)nnlwmd” uned hy tha suthovs hnve boen ohanged fo "Tusod " partiolis nnid
"lrrexulm*" pryticion ar the first olnaniflontion of tho pipdalos as the flrat

; :umamlmmmn of the partiole typo sinoe the thin<suotion unul,vm.\n whowed. tlml

moat of the frreguln pariolos have hown qnlamml.

T Emmumnfmnwuwl m.qulmmmua. tinly th\v move highly ridio.
autivu partiales were usod In the roporind A lyacs, Thin monns thal the restilte

/ro appHanhld only to n deseripilon of tho larger partiolos, Tlowovor, ovon with-

thiz-hiamy the rosulia are rimoful in muatrnm\u lhc pmmlhln Fange vnlunﬁ nl‘

el

'Thu aounting-i nlm and I«m-du rrent mm\mn'mnenm wore o mmmtl in

”IMG Imurn baferre the apparont nvorage fonigation ries, wo- w‘wm por fission,
o ourram per fesion, and tho speai e fonivadion sg woro oonyuted, The
deony onrroetions Tor the WO moasuiroments wore ohtafod femm: \llw reporio

doany ourves for the fwo typew of-pardolor: the fonfvation sate fltmuv onmontianm
wora abtalnod from m\pnhllnhnd dat on pavtielen fram the sume sol of kemplos,
It gutle Dhely thateaeh pretiole hed din own doony Wrw. difformg to Amne
‘Therelore, with n mingie

The varinhility of the eatio of the fon current o the W count- eale
of the wot of paetlelos s the Gert adioation of 0 grarsdifloroneointhe roladive
nhandances of tho omitted gemms rayn of difforont enorglos, ionee of o
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Stally ald ()@/ﬁ\u Rammn=omiiting. radionuolides that conteibute at 1470, and that
W the oxedins fondsation tn due o Np=2io, the eaplitks nunber, C(2i0), for

vitt i lon in e conptiinont endionne Hded . Although the vatlos of Hhe wo
e ments of the gross activity fn the esod potielor (e spheves o
heokon dphoron) and tho Derogulne prebialos have vatins it avorage Kigto U
minZopm and 11K107T maZopm, rospoatively, thers are overingping valuos i
anch partiole group, Pevhaps If the number of pretlolos mnlyeed hid hion

doublod, this valio, an n seootd puriiole=typo olremiflontion or distinotion

hotwoon the two groups, might ho lews marked, In any cnse, al H+70 the aotivity
on or in tho {erogular particles smitted more high-energy gnmmn rays than the

- hobivity emittod by tho fusesd particlon,

The thisd type of olnssifiontion of the two typos of pnrtluldé ia the

~ comparison count per minite (opm) -por Tleston of the WO valkes or the mn jor

flasion vallon, Of tho twn, tho jon cureent por Tieslon gives tho targor difforons-
tation, slnec 1L is a more wonsitive measure of tha total photon onergy emitiod
frow the mixture, The unfractlonated fualen-praduct mixture from the tormal-

‘neutron fiwsion of U-200 givea an fon current of 36 4x10™" ma/finaton™ at H¥70,

This ahonld bo within a fow porocent of the lon ourront i fieslon for the un-

~{ractionated flrslon produots from 8-Mov poutean fiselon of U-RBE, The value,
- 00.0x10°¥ mn/inslon for the fuscd prrticles indiontos that (F Mo-0D s & good

fimsion inceator the relntive nbundance of many other nuclides In thesy
pariiclen i low, The value, 110,06x10°" ma/fimnlon for the jrreguine pirticlon

‘indicatos thut the rolative abtindanes-of the othor nuclidea In high, The fnot that

the two values do not kave & menn valuo nenr 0,1k 10° W¥imn/fiwmion muat bo. due,
1 part, to the prosence of tiduced notivities, "

Y
i

Auummg that tho two Lypon of,pnrtululnu touathér oondonsed dumons ”

U=280 van hie estimedad from . ‘

o (70039, 1107 ™ 4 27, 4%1079°G(239) « AD Bx10° @)

whore rg (10) u tho gross Tismloneproduet fonisation=rato fractionation mimboey

AL 470, whish for the gombination of hoth pasticle seta 1n approximately oquel - - -
0 one; R7% 070w the 1on current al 1470 por aton of U=BiD ot rero tiney

and 50,8107 mn porr fakion, b the geometric monn valuoe for thé twotypow of
partielon, : C - ’ -

, HoLLIDg Py (T0) nquntio one glvos CEMH ogqual (o 0.70, Hhwo the
authors intioate that CLRN9) 12 about the same for both purtiole ypos, P70 oy
he back-computod for ench typo. For the fused pariiclos P (T05 Ak 080 anet fap
the irveguint particios it is 245, The Tission-product nuclidos In the irregular
particlon, thoreforo, omit ahoui 1.4 timos more grmre onorgy por flsaion
(relntive 1o Mo~00) thin the sphorioal pivtieles ot 1470, Whon onlewlatod




por unit finaion, the roported doeny curver of the two types ol poneticles fend o
appronoh onoh othor pl nhout 0000 hours aftor Mlarion, A there (Tnes moat of
the londgiition tr ihis to Ze miwd Nbonneiies, Henee, thoso two olemoents eninot
ho Fenationntod with respoul to Mu=001 ned, fuether, nb aboub-0000 honea nfter
flanton thore neo no difforepeor In the adintlonk umIHml i‘vnm the two typor of
particlon. ,

~Tho fourth eompnrison hotwoen the sphorieal nnd irroguine types
of partlites (s hy thelr apeaifle aotivity, AL 170, the lon aneront pee milHgrang
(me) of tho fusod parilolos s about 10 tmes larger than that of the Treoguine
porticlos, in thie olnesifiontion, tho sample sobof irrogular partictos s given
an additional arbitrary subolasmifioation by welectiony the parélelos with a vory
low mpecifionotivity nre separniod-onts The pnetioten wo seldeiod for vliminge
tion are of tho type found in the thin-raotion anntyses whore o smatt notlve
paxtiale 1w ohaerved to bo nttachod to n Inrgor innative ooral geain, " 1t-in plwo -
posaible that, had moro partiolon hoon noiilyrod, the numbor Hateibution in _
_apecifle aetvities could have Alled 8 the intermodinte vnlues to g!vv n hmndc
, n!ngln dintrihuuun. ) : :

: The spoaific not!vlw of thcs fumed pnrtlnlt‘a ln tnrma o rlsslm\u pn
gram, bamed on Mo~Ab yleldw, in ahout 66 ttmos-that of the {rrogular particles,
8inco tho lon current pox fluslan of the two types of parteles heoomes oquint

at about 6000 houra nftér fimwion, the ton ourrent from tho fusod prrtiolon In.

cm tho nvnrnno. . lenu lnrgnr than thnt ol* the lrmgulnt‘ nnrllnlnn.

1 0 wenmo, the compnrisona given 5hnulcl he I.nkm\ wlth BOMO..
reservation hoonusoe of tho small sampling, On the othar hand, the trge arrors .
imtioased by stho muandard doviatlona do fot-In themmelvos fnfluoRoe tho vaTldity
. ol tha conoluglane fram the dath, Those dovintions rather Intdleate the broadih -
.. of the distributions in the radionative content of the fallout parélelon or any
. othey pArametor of coticorn, Thu, the alngla«particle datn of this type aro..
vary uaafulj they provito tdotatlod Inl‘ormnuun an the Hkoly nature of largos
uumpla dlutrlhutlonn. ‘ }

o 'I‘hw Ipotlonition n'umlwrn fsw nnus numhorn 81 n.nd 140, for UMD
of the nm'm partiolos, are glven in THile 3.8, Tho values given hy Mnolkin and -

oowarkora™ are’iorvooted fo corpes) i to the ylolds from U-ROM flamton

'wuh A= MC‘V feulronn, Mhe 0!‘“‘“\“' ' vn'u"” "l‘f‘ dolinol bv .

(U N"t fimsion)

. ((:m\tent of Mass A in HSample)/(CGontent of Mun ‘)9 in Hlmplﬂ)
(Yield of Mawn A dn U=215 flunlon)/(Yiald of Mass 09 inU=238 flanton)

(.1

{0




AN AND 140 IN CORAL PALLOUT PARTIOLIS
Partinle QI0/t at HHTO Ran 140 140 man
Desoription | (ma/fx10%! - “on o0 h
|{ 3 - et s o ey e 2 X i inl - Lz Sl g na t
' A. Fu-uu thulnﬁ
wa 18,8 0.024 0.0187 0. 626
- ) - : — -} ~18.8 - 0,012 _0,080-- . - &80
' YA 25,2 0.20 - “
(] 26,8 0,026 - | . 0,088 1,08
n 0.8 - 0,040 0. 8.04
’g! ) M.’? . 0-093 o . - . .
Rt 58,0 0.041 0,14 8.41
[ Wt 40,7 0.0 - -
‘ WE 88,0 - 0,040 0,20 800
GeometrloMean = - 0,080(w180%) - "0,10(w180%). - -
o B, Irregular Partioles P
w1 sh - e’ < 0,88 o
— - WI— - T8 —0:04 - —— L8
wi .11 o i 0.6 - -
w - T L Y 4,0 '
Wl . i 100 Tl - 2.8 ’
S R 1 1 N 08 .
'Wl " goa . T 38 o
Geometrm Mw\ e 1;05(;&8%) .8.19(*94%) - !
T e b i 8 s b e b [ wob :

Tahle 3,8

BUMMARY OF FRAOTIONATION NUMBEIE* FOR MARR NUMRBIRE

,, o

H f

o (u-fma h--i@n) " —1..54&1\ <u~.'m Hssi.an}

140 1“
Dﬂ (U~ 938 ﬂmon) -, 17“99 {U~RA5 Tiamion)

?_ Qumonnblo values, not uned to opluulate means,

[~
-




whare the oontant and ylelds are glvan in tormn of sotlvity nt n givon Hme e

of numbor of atoma at zaro time, or, In terma of o count vate, from n enlihratod
analytionl prooadure in which n foll of U-2058 {n hombarded with thermnl
neutrons., Tha values in the tahle mhow that, rolative (o mans NN, MmaKa AN wis
very much depleted in the fused partieles and wan enriched {nh some of the

irregular pqruoleu. Tar mass 140, the enrlohmanta in the {rregular partiolea
were M hlgh ae i factor of 4,

The corrected fruotionutlon numbara for tha grosa-fellout aample

» aollautad néar the harge-sample partioles are 0,001 for mans 89 and 0,12 for

meEse 140, These vniuu indwute thut mmlt of the ﬁatlvlty ih the grous samp‘lu

wWan obtatnnd from large particles, it {a not known whathay the high fractionation

numbers are applioable to wimall livegular partiolss and henoe to locations
further away from ground zaro, At least, in the Inmplan furthar from ground
m'o. the rulmvn lbundunno of the- mud purtioles WRR daorund. :

. ‘In'the irrlguur pnrtiulu. the relative nmount: af Br-80 and Bn-uo
were higher by factors of 31,0 and 21.9, respactively, than-they were in the fused
particlea, Thema ratios are not nompnruhlq to the ratio of the 'ty (70) valuss

-for the two typens of particles, since the 1atter rafers to the relative loniration
rata at H+T0 hours only, end, of course, the ry; values ohange with time, The

fractionation numbers for the {rregular partioles appewr to decrease with

" particle mass (or sixe); no domment oan be made on the dependence of the
. fractionation numbera on pirticle maas for the fused partiolos because of the
pmall range (1, 'I to 3.8 mg) of purtiulo sives uud. :

" Doreslasions, ot !ractlcnatlan numbera far fu!luut f'nm relutively

- highayleld dotonmonn on the murface of oorul {nlande and on s water are

reportad by Freiling?” . in the report, Freiling mentions the {dentifioation -

_of the Induced aotivitien of Na<84, 8-35, Ca-48, Br-83, U~287, U-240, and. .
© Np=280 although no yislda are given, The presencd of the lpst thrae nuolides
. muggents that muoh of the fiswion yleld was dus to the ﬂuloﬁz of U=408, The

oorrelationn Indioate some relationship among the fractionation numbers

" namaly, ¢ thntqnmive to the refraotory elements, the fractionation numbers

- of the volatile’slements inoreane or decrease more or luws'as o group, Thia

aould be due to the relative composition of the groas nlmphh with respect
to the two types of partiolas, an suggeated by the dita of Mmkm for the ooral

- fallovt, 1t conld also rewult from a time, concentration, end lemperatyre .

dependence of the condenmation proceas for eaoh particle or partiole ghoup,
Tho correlations, therefore ¥holild dspend on weapon yhéld md on type m‘ environ-.

“mental uarrlor matarial in fdrming the particles.

L)




el gt s teentment in correlnting nll the doty feemapeetive of
vield or aneeler matorind, negloots (here offeots, Phe methods of uring thi
ratio of the feaotionntion nwmbees foon highly Tenetionnted nuplide By the
aorrefations 1 an artsaot o uproad out the ditn on o grenpl bty wnforimately,
tho toalnigue does not glve rolinhle stntidont dati, Cimvereted (o fenetionition
numbora relativa to masm numbers B8 or 09 and anproeted (o 1-BOR Tiusbon
yialdn, the datn are voproduced in Tabio 8.0, The mnes nmbie 9 is nwaed nw
tho roforonoo nuolide,  Bor thoe samplos i whichthe relative ylokds of the
“athor rofraninry olomonts (Zry Oy 1Y ave appreeinbly difforent from unlty,
B . intfenting poraiblo orrar in-the dote Tor mass pmhor 80y one of the ather
| . . : rafpaolory ulnmnnln aould he the ahoson roferenen naalide,

T ' ) ' " Wlth mwvunuﬂnn. “he- dmn lmllmm» (hm'

RAT, nned 30 are prosonl in thnlv oviginal rntion ln all

T
} . . , T L Within uxpm'lmvntm ornr, 1lw SIELT numhm'n fin, nu, lM.
anmplos, : . .

4. Only manxn numhuvu wlth rre. ;mu ult\muntu m the uhnln niw L H
ﬁfnnnnnntud in Hﬂll wmm‘ fnllnuh : ) o '

|
1
g

| - . 8, Por tho Tnrgo ) ylold dotonation on the surface of doop wen -
P , wiler, the mnaw mmﬂwn with varo garolomonta in the
‘ : ' uhitin ave ot fr(muunmml W rlunifionnt-dogroe,

- N Cd, 0 The rmml.lmmtmn aumhora Inul'umm wilth (tlnwnwlml) distanao -
' e _ from whot polnt nhdl thevefore must dgnmnm wlth the moan
S parbole-alaey gl 5 = . e :

B .. T'he moms numhur 108 with the nlamnntn i, Bh, To, und 1 ln
ihe daony oliin has fenotionation aumbors i the cornl
(i ioul thm nee mmrlv ound tn llmw for mnnm numlwv Ho,

- - : , T Home ldoa of vfhut oosurred i the oyt formation process Tor mows |
S S CT o —nuimborn B, D0, 107, and 140 can he deduced Trom_the anpvis of Fgure. 2,181 ’ I
2 thewe show |hn fmnum\ of anch oy that could have condensed at.n given time ”
“after fisnlon with the oxaoption of the Indiented olomonta,  For the loas of
rare gnme mombora anly, the minimum fraotionition mumbere. foor the four mans
numbkrR are: B0, 0,00 00, 0,80 137, 0,24 and 140, 0,88, n this trentment
_tho frnoedlenntlon numlmm :.u*uml,u,u\m o thn nuln;mndum yiokds of the ghain,
andd not to anothey mass chain_yletd: therefore valuon egee than 1 aie not
mnnlhln. llnwnvm‘. thome minimu coour at difforent mos; thorofore thuy i
ot all ooour for o given group of pnirtelos, .




Flgure 2,12

CALCULATED PRACTION OF MASS CHAINE B9, 90, 137, AND 140 CONDENAED AS A FUNCTION
OF TIME AFTER FS81ON WITH INDICATED NON.CONDENSING ELEMENTS,

(Bansd an Clendenan's Postulnie of Indepeodent Yields,)

MARS NO.A

MARR NG 1A

MANS NO. RO -

o

4]

Q RO L1 [ 1]

10 40 . ag

TIME AFTER FIBBION (BEGE.}
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I the Indlepnndont glalde Brom Glondanin's porintike toy U-440
flamion nee vonssnohily neourite gatimitos o thee yioldn from nonaelosy
woiipiy, than, Tor condonaution times ap to 00 et 3 nppones feoi the
ot thet nndy the niknline nreth mombors of the chidne (8r, Bn) pad o
Fenotion of the nlkall motnd clomones {10h, CRY condonnod i the coeal ppetiolen
fnifing fouvent to shol poini, For the condensntion of 1l Praotions of opoeh
oloment ot any time up Lo DO gocondn aftor fiaslon, the ourven indionte thid
the fenotionntion nimboer for mass numbor uhuuhl he lweger than for mikg
nunthor R, and that s vilue for moss sambee 140 whoudd he loegor i Tor
mass numhor L7,

“Phe offont nf (novonsing wonpsn yicia on the CONHONMIEION 18 Tn

- oxtonit both the timo mne moe=pariod over which the condonsntion poears,

sinve the rato of dooronso of the firaball tomporstare dooransos ne tho yiold
Inuronsos, On the nvorage, the Talloul Trom livvgor ylold womponk, therafore,
AW losn frnctionntod in-muss numbers 80, 00, and 140 ot aven pothaps in mams
aumber 17, The maximum nmoeunt of !'rnutlnnuuan of thoso mnxm nunthere
rosulin Trom unmlunummmn nmmr.lmg hotwaon, nhnnt ln nml 20 wooontin sflor
fluulun

A plm. of enloulntdd vylA) viduss lm* muwa ninmbera hu 1t 100,

hawatl on the indopendant ginlde-of the chain members and the complots

vondonsation of tho alkall and wikaline. ourth nuolidon, e funciion of the Ti(A) -
valuow for mass number 8p, (s uhnwn In Wigure 4,10, The shape-of the ourvee
suggonts ponatblo porrdlntions among tho fractionntion nunbers, eapooinlly

Al tho eondensntlon poriod (s short, For timow lengor than ibout B0 knoonds
nftar fimsion, (ke ourvon for mnas numhors B0 and 140 raprosent tho-onme Tor

noraonclennation-ol only the vave gam chain membors. If the condonsabion

‘inkow place over A relutivaly ghort time lmnrvnl -the lrnuunnuunn numbors

ars ralﬂtutl auuurﬂlnu to . y

Tyt ¢ ,-,ﬂ;w '[iu.wm]"' o

whuru r8(A) unﬂ i Are-oonstants; the constant n in- the ulmw ol tie uupve- Im- &

- #howl patlad of tima,

The ﬁmplvlun! um‘mlmmn constanta for Ry, 8.8 nro ulvun in
'l‘uhlo 3, 10, niong with the menn values of the condonsntion timos tnkon from
i plat of r3(A) nnel n am dovivad feam the tangnrite 0 the rg(A) ourvon in

Figure 8, ipi -With ifie afier fiwwion, rg(m j# tho vooffiaiant for (he dbkopvail  —

tntn, The moan times of condensation range from abodl 26 to 60 Kegonds
tftor fimmion nnd ngroe rensoninlily wall consldoring the sontior in the dita.
Moro procise datn would poenit ostimating the feaotionstionn! condensation
of tho atknll matn! elomonts and even porhaps of lodine In the opse of miis

nw

a1




il Peaulomyenits dn Bablout from sidente sotl tothor than from oomd wel -

ey [ Pawever, the mosilte of S Dreibiiond @ive foiponilie viluos ol
thee bhmow wl whicdi the onpelonsibion ooou e peod

Thoe miun fenbure ol shin sype of cdidn oarneliblon G Ghe holdoh
thit the fraosionistion numbhere of the velagile sdemonte vieny bnoseme aadionm
amaaned Ao Gt 6 one sdomart &8 fenetianased wil-otheir obemarin ane plne -
Toenotioniketl o 0 doproe spootfiod by dhe mmmmmwl o relugions, 'Llwhmmmu;heﬂlw.
fhe -medhod pouivos the robiosmbion nwmber of b lowwt lqw TRAMR Mo dn -
nltirbion 'to dhp anlyeipof n retepanae puolieis hekors it oun e il lim
Mile ertimntos of dhe Sraotionwbion numiber of odhor muopuelides.
-ndlélition, a mifedomt pumbor ol sk nemibors ornelibiens we el n-umnuml
Toom wii nh it et rﬂum IUhE gv-m-u tloeuy undl the -mwwum Aierne irerm nrmmmm

The ﬂhm ey vmst dn !i’mnmzlnmwuiem n ri!wlllmm «uemwmm ‘uhu mndmm-u

detononn. | Binae the siliente TGN T imvedly it Aovwem e B Uhvian

onledum onftln, tho olemenis aandogsd (vt Whia Hunedl pivbtolon whould, dor fhe . )

‘e werpon wialdl hive aadifienstl oomporitan, Mhenafons Give radioisiive -
bRt in sﬁmmm ez, Wleetd ruﬂhﬂhm i dlnumémmnlt dmmmumhm e mlmuuv
It'hun it nin ol - I’n‘lJlnm - .

e pnbmgmuwhm o mdumﬂmmwwl .umm RER 'd\mmﬂlmdl xtn lhiw -

—wuestian, a8 well i ather anlyson. aff vt wele Rt o sumples of Dl - -

~valifnotod frem dopt wanponn datannied ot dhe Nevadn Tost Site and dhe

- Mimwetk Proving Grounds, The oollocnon methods nnd devions vursed &

. timing devieen and wene i
~anliootion, Othens were denignod o wolbngt-n Longememibr off Hlloot wmﬂm

—tor b mmmundmg kerrmin, preihably-nene-pave o mone seprosopiniive srmple — -—

- g gy by drawing them inte

aavmiflennbly,  The meve apude enethoils atmod o oRevpl gt pidiem a0 bim e -

t -wuoapwp n suringe tayer of aortnminaied soil, Othens wed shools of oinv -

Aptiand on the ground, 1 sweorer and vowl ibe, pare, s, mwillm (Wt o wihonut
mlmtio Liner), trays, Gnd gummed paper, - The mene labsmwis methods »rmnnmm{
of anllectors that apened inlosad nrmpttonlly oy xmre of nitio sbynals and.
ninE the wetives wihen mol apen for Bullowt

nsmmblv \nnﬂ wwitompbtoully, o i ne~wat shont dirve, on goeneed tmnps oo

apootn] (Slme, #oE othens wese dastpmd to oolinot Ghe preticlon dinnetly from-
Ditors, - Mheannlpbis donodind b Wit lmndhf
A l‘ullmﬂ Immfplnn mﬂ'lmlmﬂ hy \wm\lﬂtv uil tihume nmmhmlﬂ. .

Binve oneh: mafhed TN oW mecitlin -emlll] oetion iam with. mqmut

than the shaval, Mawevor, the shavel and ithe expamed devioos give wmiphon

* e -aontivinod orieh nen<faliout-dlahrds . Bhose spmplon wero not usobul, oo

for-gepthin fypoeal wilyRee, stnde 1 As eaauRly 1 '.mnlfM'c' S e
c*kmnhv bhe ‘i’ul!lmn o h e bedrontrin) amatemin] oo mensdnwhilo period of time.
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COMPARIBON OF IMPIMCAL FRACTIONATION -CORRELA TN
PARAMETERS WITH THOSE DETIMATID POR CONDENSATION
OF ALKALI AND ALEALING BARTH ELEMENTS QF MARS
CHADE 'M. 183, AND 140, AT SPECIFIED ~ -
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" partiolen from smong Inaotive partioles minod with soll matenials. One method
WAS 10 wuliivide e wamIpk- wl ol wiok Traotion wiih o purieble ey ]
mmmmmmmwmmnmmmmtmmmm _ [
_ e madisastive sartieles aould be viewed aaally under a low-power bimocalar - .
micrescone, The radicactive particls o partiolen vould thew be ideatifivd by - - i
thelr distinotive agpsarance snd manuilly romoved and suirveyed for activity.

ki

—



The secon! method, batter lor very amall particles, involved dip-
tethuting the particles on the backy of photographic sheot 1iim sprayed with
Wauid plastic. Aller allowing an Appropriale sxponure tine, the lilm was dovei-
oped and §ixevl by brushing the developing and fixing solutions on the emulsion

" aide of the f1lm withow disturbing the particies on ihe reverse side. The .
radionstive particles then wers loosied with & low.power binsoular miGroscope
by the dark areas of the exposed (ilm. Both a;rlpplu fiim and’ slm!c-mud ‘

- X=ray flm were found uuluhlo ror this methad. :

' 'ﬂm thin sections of Mlvldul fallowt plruc!u were made by
canting the particles In plastic.cylindery, using paraflin molds, =nd bake- -
" hardoned ai-80°C. Ono end of the dylinder wae then grousd down with a motor
, irlvm ron wheel u:lns carborindum abrasive until thée centor portion of IM
~— -~ pariicle was uxposed. The exposed suriace was Lisn poiiahed on o giass pinie »
o e " nd oementad with Conade Baledm 1o a glass microscope slide. Thentheother
Ty e+ snd of U cylinder was grouest down unti] the thin section of partiole and pluug B
ST remainieg was aboul 50 miorons thick. The thioknioss of thie thin section was -~ = T
Joss T 5T peiimaned by obreveing, with the patrographio miamm the binmw of . = 7]
e ' grains of quartz placed In (he plastio along with the fallout particles. Atthe. = .-
m;wind thigkﬂ-n. the qu;ﬂ;: slmm ) quish-ﬂuu or grey intlrl’omu mlor._ " e

Ve v = S ‘I'ln dul.rllnum ol“ uu radioactivity ¥ wmm u:g ﬂm swotion was

T ml-miud by radicgraph isobniques using Eastman NTE. strivping fllms. For
e unu. the Lxin section Wi m«nd with o iggﬂn-mlm aomnl or lgm 10 I,In
s T : mummm during: awu "f"

S , T’hm:wmua mlnmenpl ‘mlludwlﬂmt puh.rlud u‘hm e

T o 1o give informalion on (he orysial structute and, in #o/Me asses, tho Ghem= _

R N ) (T_ “loal composiLion of Lhe uruclu Tln cmm sttum:'u wors: ulu Mﬂhﬂ Iq :
;m:lMun nulgllm L g LT H

altion d sea wter mlwt pmlnlii, was mmm

T sine und comipo

o I meol'immmﬂun

daveloped by Fariow? which sarved both as.a ool

T e T " loeting wuriace snd ssalytioal device. -

One.of Its sdvantages was that the partioles -

and Invoived vo sample recovery problems. In ordes o -

O IR - oould be analysed 19 aliy
SR S , " keep the Mim from belng saturaied with water drops, pleces ‘of the Nim were

o ' pually exposed by use of a ayoling collactor and each pleve of (im surface was Ce

T e ‘axposed serially for a pre-set time; tlun oullut»r; und [ almlnr piece of SR
LR {ilm about A-~in. in dlameter. ' : -

S Sl the resgens Him for-detiraming the smount o wotuble shloride -
L o present in a liquid particle waa prepared by Impregnating one side of a commer-
cial gelatin-conted ((im (such aa Eastman Type K-549) with rod silver
dichremate. The fiim area over which the reaction ovours was easily moasured
with » microscope. Since the reaction area for a given film pnpnrallon was
found io e proporiional {o tiw amouni ol eoiubie chiobide preasnt in & Wop

i




- Ivom data such aa those roported by Bellamy®: Rainey® and-Lindbergd?

of fallout, I was poksible (o doterming & calibration ayrve for vach flim
preparation and thus to dstarmine the smount of uhlmm in other drops, The
method was ussful in the determination of 1 o 16* micrograms (ug) of sodium
shiorkla. ..

- The.chloride-senaitive reageat fllm was slao ussful in d-uprmlnlnc '
the waler conlent of the draps. The moasurement dependa upon the presance - * ' |
of some very small Insoluble partizles; suspended in the drop. Eaoh drop -

" spreads over an area of tha film felited 1o (s volumae snd, when dry, the =olid

residues remalning ©alled an “artlfacl') forms an cutling ol the maximum

_sproad of the drop such a8 that shown In Figure 3.10. The film oan be cali~

. hrated by suspending somse (nscluble solid partioles in standard chloride =~ = -

. solutisas and aspirating the mixturo on the flim—The ohioride-reaction [Te S
delormines the water oontent of the drop: the ares of tha artifaot (s then. ‘

" -measured. This technique measures water volumes as amall as 0.1 mioro- ~

. mioroliter (ued ); Comparative visual standards use alumioum oxide Co
g.n!psnalme prepared Inr aaumtw: he mnt o aﬂm pvaisat ia ui- F&!ldum .

24 Pres
| lsvsrm ﬁrﬁﬁmhﬂ dti.llwt purtioles onn be lﬁterrnd trom um Inter-

luﬂﬂnl of the radicalaments with bislogleal aystema-such as the-uptake of-
owririn fizgion-prodiot elameats by planty and animals, Data on thess blolo:loll §
~* renotions, the phywioal properties uf the fallout partiolen, and ground distriba- - ]
tion of the saller hllgipiﬁloul from auclear detonutions (mainly from. ' P
* tower and batloon~supported teat devicen) haye been mummarised by Larson and
~Noaf™-and Niphtts; Romnay, and Larsoa™ ~The basio i

“o o (Sew References 54 and 20 for a more mmplm btbllmuhy ﬁfﬁrhr- qnpg-
:’»t?lbumw ‘the data ot theaw Ribjects, b S
. m mnhuhomhnl pmmm d tbs huwt pmlalu lnhrml tmm
 thons date that are of mails (nterest here Are those that desoribe the fallout |
formation prooess with reapect to the disposition of Individuai rldta-lmlm
in the faliout partioles for ditferent oonditiona of detonation; Datay desoribing
the coniamination procesies are also yery important in understanding the .
antire fallout process, inoluding the major factors that determine the fate of
“(he padioelemema. Radiotlements which are condenssd-on the surfece of
tallout particlen (i.e., are not fused (e the (nteriors of the partioles) are avail~ .
able for uptake by plants and satmals; thus information and dats onuptake — -
- provesses also provide information about the ullom formlunn pm-u and :
Uie cmummmon process, '

’,,




MO HESNAPATIR TR, A - T

Thepe ave theee mnloy patha by whioh o endiovloment eareinl by inlout
~opartie s becomes inoorporatod o gndmnd Lissue, One involves dissolution
in water, teunsfer to the raot vone of planta, uptake through the root syatom 1o
the plant topa, and thenoo (nto the animnl (hat eata any part of the plant. Tha
adoond path Invalvea tho divool nasimilntion of the radisslomont by the plant
loavos whinh are then eaton by an anlinal. . The thivd! path (e tho dirod Intake,
when oaton-ty the animal, of the fallout_puriiotos that romnin on tho surface of
O piant leavos oy othor pris of tho plant, . ’ -

= tn gonnval, tho dinolution progess for he inoerporation of n radioole-
mant into tho parts of planis aociira in noutral {or al most slightly neldic) waler

- gyalemw, The poasible cxocption (o this procoss ia radiciodine, whivh, In alr, =

~foniin Lo vointilinens rapldly nn 1L ta formoed by the decay of the tallvriim —
~ " uprent. - In tho vapor stale radioloding can ronet with any nonrby arganie

nintorial; espocinlly by addition Lo unanturated hydrovarbone duch as n lenf =
-sjirface or decayoil organic maticr. This bahavior showld dilute tho rutin=
. ldiline concentrations in the planta {relative to the othur olemeni) aml wprond

Ay teanafor throwgh the ady,. .

. iy contenst, the disdulution process for the wptake pnth invelving diest -~

inlnke io an.animal that onie the piast pare on which-the filow particlon —
"o daposited proccods In nelitie witer sysioms of the animinl'a digesilye -

- tracl, Deonuso tho stomnoh fluide are nokdic, this direst path should reanlt:-in_
n.maxinium tranafor of radioclomonta from n fllout pavticle (or growp of

particien) into the bty Uasues of tho animal,
L uptako by redishea from a subsurines

"l'lui gross fisslon-produg

-+ tlotenation nt the Novada ‘Tost Site, 1a found by Nishita; fomney, ami Alm.ﬁgn’,.'i, e

. "t vary from 0.004 to 0,040 poroont (basod-on bola aobivily mensyremoents),
" ‘'Thesu aulhors also roport tha uptake by red-clover grown in soll contaminatud

-y Tuflowl: fvom n-n00=fool tower detonation; tho-upiake varlél trary aboiit 0,001
7 Lo 0,01 porgent. -In-the fatlor caso the red alover ustako waa greater from the

- - wojl-contkminated st tho Invgur distance fram grownd worg (1,0, wherro the
= smaller-fllout-partiolen landed), As might be oxpactod,’, ..amounl of uplake
- wna-foundt-to-be dopenciont on the plant specios and the soll type,

. In.the arans on and adjncont (o the Navada Test Bito, vogetation rotaing
. brodominately partiolea with diamotora lesn (han 44_miorons. Also, the gross

—— -molubliity of ihe fission-products onrviad by these partivles from towor-mountetl —
. detonationw wia found to vary from 3 to A0 psrcent in-0.1 normal HCL (0,1 normal

~ HOI (s appronimately the noliity of digeative fluidu). ™= (n this banis, the -

T otk i Animala Teraging on-elever-whoso lerves were rontaminaled by

fallowt, as vompared to foraging on new.clover grown on contnminated groiind
(Novada Tost Bite tower dutonation), would vange from about 1,600/1 to 5000/)

. 1F the vlover covorod 106 percent of the ground wnd the particlos wore 44 microna
“or loas In dinmetor, o : o :

™




Tl vanboee ol e s et b uptako wonl vy with (n) the thme ofter
dotomt iog-nel poriad of osponire, (b the pietlele dlaea, () e Fenetion ol
aren oovorad by obimge. ol () the wonthor conditions provibimg dising the
perbod andor cangafdarntion. The ditn on paetiedo poteniion by lolnge nre
dimeunmad more filly (- Boction 4,0, Although the sdnin apply only 1o 0 tower-
type dotonation, tha mugnitadg of tho relative uptake, svep on o maximim,
suggosts that the direol=upinkoe path wnuld almo prodominnte for Iullmu from

Cnega-yiold mnrrmm dofonat o, :
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. o rmlomn mkon frnm t\mnﬁ nonr the Novmln Tout Mfte on whlnh smnll l'nllnut
- o © - particles daposited within the firet day aftey a tesl detonation inchide Ambine,

= Coee b etrontium, yitelum, mithenium, oostum, barium,; aml oprium. * The (issue
” T ' onncunirationa mﬂranml with diatance from ahot point dp to n-maximum and S
- thendoorenas ﬁﬁi‘dnr ¥ Phe mislimum Hesne goneontrations ganeeally ooours gl
w1 Wb booalions where the Tnllowt arelvel time wis ahout 8 o B hours wiler .!.m"......,,n -
_ " Thewo data indicate that the fraction-af the radiddiemants o the oxterior of the ~
_ . ST pirtiolon avallable for UptaRe Ingronae Wwith decroumng purticlo. WO More
e frnplclly |hnn the total ummmt of fnllr;ul deposited deoreanod with dmmnnn. up o -

ik Hd

$id 4 Ty e

TR T i dnmlnnmr and The Amount of upmlm nlm clenmagmi wuh rlowuwlml dlntanna -

. - Rudioiodine was l"mngl o be ao m no" purcmm ul‘ the uuuvlty in the lhvrnm
_ vissue of native rodorta.?* The radicelementa fourd IR U ine teeue of jnok
o .~ _rabhite at aboul 20 dnya after A towor shot are Hated in Tahle 3,11 in whiah
© - . afewof {hwsdain given hy Larson nnd Neal'® have heen converted fo number-of -
B " ptome uinapproximate flaston aquivaients taken up and deposilad In-the hone
- . .77 Masue., The relatively [sw upinke fncior of yitelum, ruthenium, and aorium
k8 ST e flaat column of the Lable) (e probably due to bolh. A lowar solubiity In-the- rabhie
e T C 7 digewilve traot (eipeolatly 1f the £, (A) values nre anumarl i he. ourmﬂ) mu!
e T n lmvnr rmntlon af thun elnmamn In Lhe- bqnn leu ul‘ rnhblu. S

N o [
4 ks B

.
!
: ‘

M I TR AL

" The' mnln pmm. of lhu tlnta ln uw.t the umd mllnmmum] wore tllﬁ[vml
,hy the aaldio digeative teaot flaids trom amall fallowl partioles thiat pans thvmmh
the'gui. Other radiooloments (h fallout. it not lsted, prasumably were nol -
disaclved in apprecinble or ignificant amounta. The listed olementa are thome -
" axpected 1o ba deploted (n the lnrger fallout pavticles, dnd enriohet In the
S o : “amaller fnllout pmmm. relntive to tlm uthcr wafmcuurv t;vp:\ flasion prmluut R,
T T e T ilumvnha. """" ) , _ L T

. The etmm of clomnnunn mntlmnnn on the pmmvuul of fnlluut aphe 0

- ——  jHusirited by vompicisoim between the didscon fictout from bl boimsgpported- - —
' devioen (1,0, low alr burste) and tower-mounted dovicos (1.e., nonr=-suringe S
arats) #® The total nmount of loond fallout depomlted, up to ahout 200 milos
- feom ground roro at the Nevade Toat Bite, from towdr detonations. has lioon

nhservoed ta bo 40 {o over 100 (lmes the amount olmervorlt for aly burate, Thoae

(L
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lower fallowt dopositions from the air ursts refloct tho fnot thit the wivem of
the fallout partiolen formad i the wir by mro vary winadl oompared o those
formed {n the near-eofaoe burst, Fop example, (0 somo fallout samplos from
tower detonatlons, about 30 pevaont of the sample aotlvily s found-on partiolon
with dinmators luus than 44 microps, and am muoh an 18 pareent on partlolos
‘with dinmaters-lase than 8§ miorons. In sampleas from a balloon=supporied
_-detonation, of similar ylald and burat haight, ahout 70 parount of the aolivity -

" {n found on particlen with diamaters less than 44 miorons, and aw much na
88 peroent on particlen with diametarn lesn than & mlorons,

* Tha averags fractionation numbars of some radionuolides in (eiloii from 7 -

©_nome tower and balivon-supporied detonilions Rre givanin Table 3.14, relative ' .

" torthe rafractory 2r-08 nuotida aitd to the: masa chain yislde-for thermal neutron .. o oo
S ‘ - . flaston of U=308. The values ware derived from tho tiiw of Lavaon and Nael™" ]

oo and preaumably apply (o purtiolos with dismeters less than about 100 or 300
Se o 70 mierens having meah diameters of about 80 miovons, The values of the

o © o e, fvsctionation nuniburs for the fallout from the (owar-mounted exploslons

et auggent that the Zr-08 vondansed more vomplately than the other nuclidos

’ ' -on the lavger partiolen, and thut the nuolides 8i- 84, Br-00 and nu-wuuou) L

did not condense completely on the partigie=sise groupe n whe obworywd - L
o o samples, The fractions of theme thres elementa nol condensed would then bn |
o= — = -=qohuentraied on tl\u veiy nmall pavticlus and aunim. tu much smm dimtanees. _
! lles . . .. " - i

oy s T B

. 'l‘hﬂ site Eenm'al ntntumunt nppllnu T th fmuunnuun numbm'n for thu oy T 8T

atiout from the balloon-mupported detonstions, excéplt that the mean dlnmmm'l RPN

: ' . of the particlen In the aamplow munt have beon smaller and thei the Zr-0Bis .. = - -
= " moredeplotad, Thus thare imay be even o higher degred of scparation-beiwesn - -

" the vary retractory and the.volaiilo tission product ulementa in the fallout pactlules
from an air-burst than in the near-suciage buvst futlout parifulon, Posnthble .
—-gaumen of this ssparation e (1)-a lower concenteation of available Neuid op
 wolid urfaous in the mir<burst fivehwll, and” () a correaponding. dnlny. due -

e luwcr VRpOD plesmiros, in e ulauuvu uundmlatlun. -

oo T - ,,,,,7,,,,’rhn srulg golublmy clm in. wv_mu Luwmu hdm untmhrntn muluulumanti
- e T of the radionvtivity In womo groms fulloul snmplos \mtlm- lnvum diffarant
LT D rdetonation conditions, from. the datn of Laveon and Nool®™ apo givon tn 'rablo-
S T T 8y Although the dimae of meintirement wis ot glvon, but in presumed oo - 7 ]

T L ~ about-2 waaks nr so after detonation, the genural magnltuden of the frastion of - " . Ty

“the natlvity which was aoluble olearly show that the nuolides in the fallout from . -

) © o~ the air-burat dotonation wero.the moiw soluble, The highei wolubliity of the

— -~ aetivity In water, for the ale-burst fallout, suggosts that many more af the fizaion-
S produot rndl«muulkluu waro uondonwl on the uuvlacau of the plrtlulu

]
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Tiablo 4,14

AVERAGE FRACTIONATION NUMRERN OF BADIONUCLIDER IN FALLOUY
FROM TOWER AND BALIOON-SUPPORTED DETONATIONS AT THE
NEVADA TERT /ITF

| ‘ RO
Nuelido ’ T Tawer | TRlloan
C . o EreRp | 002 | v
T o By -pb - : 0.an - -
R S Y-m1 - o T wd e
R ‘ SRR} | B I 1.0 - 1.0 1
P . Ru-108(1046) ‘ 0.4 2.8
L e B T Y ';
ST SR cg-um«)‘ 1.4 9.8 E
. 7 e Wﬁﬁ;i_ L / - !’; . )
BT cmuaﬁ mwmmy or A(’:“T'IVITY I‘ROM smnn. mt.mw mwrrm,mn
1. S _ abivity Bolublel. I-‘nmeh Mln ]
iy _ . | Typeof Datonation | in HyO [In0IN-MCI - ) (miorons )
G e T Undergrouna | A | R .| Oead
e TR s | Tower-Mounied | - |14 W0 0 | peas o
: B, s L I s |
T [P | w 44-un um B R
s o —nr m\uﬂ on l;m count=rale manpummuntl (prnlumublv al alaout L} wouku |
- Bhay dltonntlon). S R | LT e
S _ than were condstised in thin manner in the tawer cimnuuml.;l‘hn hlmhur o
T T T T wolubtity - of dvewetivity i sold;eepsoistly for the alr bural fallout, may he -

partially due to disrolution of the primary iron sxide or aluminn. partiolen,
However, the very high solubility in toth waler - and aeid of the radibnotivity |
on the lavgar pnruulul from the air hurll suggoats Rlmont unmnlnm nurfum_»
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vanttensstion of the entlopuclides on there Tneger petieles ol fike Hhined, iee
woatgnificant fraeston of thewe pnetielos were gealn of Bodl, o whieh some hid
boen mettod. The molubliy of the netividy on the peeticles Fron the tower.
manned detonnbions, o the othor R, doeronse] with inesonsing paeticle kine,
Fullaut partiojor with dinmeters of 200 40 2000 mierans from fow jower
dowmm.mnn nm\n have nog!lgihie mlubmnnn. n wnmr or 6veR i mtrong ac MR

Tha grosa nnlubﬂity dnm fon tho radlonetvity lrnm mmn!l fallowt. i;ﬁﬂll"lﬁn
: . lodgest on folisge after mome tower detonntienm, an tuken from Homney amd
S e cowarkore ™ arg given In Table 2,14, The salubilfiy-wis measured by
- . * suspending 0.8 gm samplon of dry plant moterda) th 107m1 of 0.1 normal HOT
mfor the aamzlos have heen rmiuannﬁvm. - The sugpension wan “then shuken for
%0 minuten, cantrlfugnﬂ for- 15 mjnmm nnd thn supernnlmﬂ solulion meparated
by l'lltutiun._ _ : . o

IR T LA LANN o

- o ; i ) .
o e o Mnoa the dnm_t!a not mdncmtm f cmnsiumnt h“tmd I miublluv with ﬂilinnnm
o from ground pero, Rvarages were onloulated. The- average Muiation o

_Activity dimolved wan.the samo (4 psroont) for tho Apple shots deionsf

e ) e . BOD-Toot towers; L was smailor (16 peroont) Tur the Met shot dolonmed an

. _ 400~foot tawer, The datn suggost that the pariiols atee podaineg by the diffefant
-~ —plants. was rhout the wamer that i, the iype of fui-llmnmh{ﬂlwmmn Taetoy -
———Aﬂﬂthﬁﬂha Rrosu m1uhiliw ar binlaﬂ‘mﬂl upi.nke\ patam ml m‘ lihe rnmmmi 'ff" -
fnﬂmﬂ. - S

Lo ’ o, 'I‘hu rudiltribuﬂon of clumnmd mlmtt |huuhi ﬂmmmzl o (1) thu typaof - . 1.
R B _umai A WINOh e § "ﬂ:‘lulm Tand, (&) tho wise of The partioles, (1) The mmm R
CL - N il (4) tho mirface wind oonditions. The nombined.
: S . am in uﬂﬁan aﬂled "werthoetng,. On tawl avess, the comiined offcetaof
- wnthcrtn; processas ave.found 1o he rather amnll, aven fop ihe amadi tallont . - ¢ =
R -particles from which & larger fraction of the ridionuoliden nre solehle, After o F
’ ‘ nine yoars on undiaturbed soil, fallowt from the Trinity Ehut (New Mc«xmo) W T
lﬁll nonﬂnnd to tha surfnoo two 1rmhen of ot - S e

o o Rouurvw datn Trom thec surface and undm:rnum! uhtﬂn m Upnrnﬂnn Jn,ngm
R o S (Nevada Tent Sitn), aftor oxposure.to winter windw, show, and’ nprinn rnlnn.. '
R e indioated no mignificant:ohangs other than-that due to redinretive-denny,®
‘Redintion moasnrements taken duging Oporation Cratle (Iniwetok Praving -
i ) . » © Giounds) In 1984 on the {alande of sovoral alolln (hefore and duping honvy -

S = — - — . -rainelorsevetal monthe) shaw no decvease that-vould welhe wevounid forom- -
o the basis of radioaotive decay.® Dunning™ and Lapp™ erroncayaty atiribuie
Lhm rapld (lnarnnln in thc\ Rimma racdintions during the first year to

7R
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0.IN HCL
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wenthering fnotor of (4 due to the Hrst henvy ridns 0 Lo 20 tinyr nlitor th feat
dutonation, apparantly hy vomparison with in hul’)pl'nm'luh- doony ewrve, Phin
miniterpratation has nluo boen noted by Knupp™ In dimousstons of thin subjoot,

S I-‘:xperlmuntul mennurements reportad by Millor and Holtemelor™ on wel-
~ whle radionuotides deposited on noils through which witer hia pussed gnvo an
average lenching depth, for Hr-88, ai 0.70 tnoh nfter pansing B0 Inchow of witer,
, and 1, Inohes aflor pasiing 300 Inuhuu of water', “The movemont of Ca=107 la- 5
S : : . found o ba anly 0,49 lnuh aftor pammage of D00 Inches of wateér, aven In sandy - ‘ :

" woil. Lareon and-Neel®® report poncirinions i to 0.8 inch afler the passage of - A
A4 inchea of water| lho nouroe of the nmmw uwed in the uxperlmmu wits not Co
'lpmlﬂed. ‘ . : i

. “These daia show thm the. loluhlo Fadion \aclidus, in nlmom nll m\umh. would .
. bo absorbed by the top inoh or two of-soil partiolos and remain thure unlons the ]
- “whole layer sroded awhy ih heavy rains, “Tub oven in.this onue the nuolides would Dok
o -remain.ntlached to ihe particlos; the fraction of the nualitde soluble in water in o
D sugh onnditions would be negligibly small,. The studles of Thornthwailo, Mathery  —
ool o - e Nakamuca®' - show that many rain uvnlyl would bn noeded to transport the :
R ST nokivity tarther than nbout twe inghcis brlod the surfnoe of the woil, Since momt
Dot of the padioactivity on the larger ruldont pﬁniqlw wauld bo fised into the

R L . particlen, the only way {1 could move nto the soll le y muehnnloal mixing, aa -
oouun in- Lh- Plowing or dualmx ar ugr!auuumu landw, 7o T

Tho trnn-lountlun of fallowt pnﬁloimu on lnnd Mm‘m bv wlml asnurl ton - .
’ lmnll degros: . ‘Tha expericnce In the Nevada Tast Bite (undov try conditions) -
;- . where axoursions in the fullout-area wore made by experimonial grawnio .
e T vecover fallout skmples, was that, for entrlea during the Tiratday after o detonrs
T tion, olothen beoame contuminated with amall fallout particles due (o the atire
7w e ring v of surface diste and brushing againet desert planta, bul that,. for entries .
= -after the wecond day or so;-only tife-hottom-parte of shaes-(or hooties) pioked up: :
- 'Inllout parileles, Appiirently the jmn[! particlan bacoms ndmorberd or phyalosily -
- - ., auvached tolarger pumulu. or ol.harwlu lmomo mcuhnnlanllv I.ruppml hy thn :
IR nmm noil-graine., - v

‘ ‘Mevemeani of inrge pmlnm by I.lw win 1n uuunlly amall heomine-the - L
A “o o Ineger gravily toroe retnrds such movemont, Howaevar, purtlul@n in-the miwo’ .
T T L renge ot Ahout 100 e 800 miorena drift more skslly: l.hnn ‘partiolan or othnr tin=

{f dinlocated, may carey with them nmnn attached fallom nnruolau. Dnm rmm
: : : - experiments at Oamp PM‘kl, Colifernin, veported by sartor and Owena®™ 1 =
- s - which prRTtioiBs WIth (IGMEteFe-Erom 10010 TUEMiorona (WAKEEH with BR{Laj-146) . =
e S - wera deposited on varicia types of surfacos showed that tho mevement of the - ’
partivles on unpaved nreas and on tur and gravel roofs In insignifionnt, evon for
wind spocds up to 80 mph. The movemont of the particlen on und {rom paved

R0 - : . o




nreas |8 found to he qulte Iarge; tho partieles apparently moved In the wind by
hopping and by rolling over the wmooth surfeoes, sithough vory lew pareticlon
wore ralmed higher than 0 or 4 inchos, They did not Jump over ourbe hut were
deposited along tho gutters and in doprersions and behind low obatiictions,

- The freation of the original loniration rate remaining, as moeasured in
the center of & stroet and in the oemter of n rather large area-of asphaltio oon-
crete, is plotter in Tigure 2.14 as a Ainotion of the total wind vector (includ ing
only winds in exoess of 10 mph) that ocourred over a ten-day period, - Furiher
- data of this kind on other partlcls sizea arc nceded to sstablish whather the
: - . data of Figurd .14 are representative of the reduotions that could soour
o gonatally in the lonization yaie Al looations of interest, The raduotion in the
7 ~ lonigation pate for both areas in the first four dayn (wind veotor of 200 miles) -
- wam oqulwuont to & decontamination of ahout B0 peroenti some of this, of
. oauru. was due to uhlelclins‘ since the partlulu mnggntmed in -urmm ‘ v

] T T T

B lnmn of the dm cothined &t Wuponl' tnm on the qollcc.tlnn nn‘d
N T ret-ntion of fallout partiles by foliega are reporied-by -Romney, Lmdbem. \
- . Hawthorne, Byatrom; and Tarson® Thelr stated findings, with ranpect to the
g o T ability of the cutey surface uf leaven to trap Bnd petain fallout parsicles; < .
gt wore that the nine~range of particles lodged on the follage was predominately
ST “lens than 100: micrens in dinmeter and that the best correlations of the nmnum
of activity (beta couni~rate) on the folinge was. with the fraotion of the total

B ,._%,,Iﬂi‘tlviw oRr¥ied by particles having diameters lens than 44 miofona. that lundad ‘

_ W the mame Jooation, Theso two findings suggust that the Toliage of mant phml . E
An nlmm in-teapping only the wmaller sines of fallout particles, Some of the -~ - ]
? A% ported date are givan in Table 9,168 converted f1 am curle unite at H+ia to T
equivalent number of finnicns by une of the Inctor, 5.67x10° fiuwions/miore-_~ -
gur{o®® The media pastiole diwmatars are mm\ trom thn plothd plrM(thllM B
dlltrlhuﬂonn in l"igun s _ Ty
/ ' lt in lnmmms that the mndlan pnrtmlo dinmm Inonand wlth mlout -
~ areival tirme up to areival times of 4.to 8 houre atter detonktion, Howevey, - ‘ ’
~_aince the data are for different plant apeoles, part of this inorease also may -
" he due.to the plantmpecias selented for analyais, The spread of the distribu- ——
: v ' © tlon#; howevor, tend to deorease with-time of fallout arvival or with dearensing
- .= __ partiole sizo of tha arriving fellout,. The upper-limit partiale dinmeter uut-ol'f

W TRirly aharp AL diametes TRrger viwn 88 mioronk, uxcepting for the bush- ——— ——
mallow folinge sample, The highar retention levels and larger particles on the
bushmallow follaga Is probable due to the high denmity of atellate hairs on the .

lenves which would serve to trap and hold partioles onto the aurface,

B1
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T "G GNTER OF 101N Y, CAMP-PARKE, GAWIRORNIA. T

Eigure 2,14 .
REDUCTION IN THE IONIZATION RATE AT THE CENTER OF 10TH 8TREET AND AT THE
CENTER QF THE PLAZA, CAMP PARKS, CALIFORNIA; AS A PUNCTION OF THE WIND
VEETOR (aum of the preducts of wind speed = tima) FOR WINDS IN EXCESS OF 10 MPH OVER
A 10.-DAY PERIOD, THE TAGQED PARTICLES WERE 150 TO 300 MICRONS IN DIAMETER
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Pt on Chr eotfoattan of the fnilond Trame Apple T Rlol ol Smoky shol
fowor dotonions by Aeme forgge oropa nree glven iy Table $000 e Troelions
of the deposiiond fnient potptesd by red elover (0 Mate) inerended with o of
fblowt, aerebend Crom mhotd 00 F poroont ab 7 milen dowisvind fom e Appie 1
-~ whob to ahowl | peroont at 100 milus away. - For whent, the fenetions solnine]
“erensod Promeahnul 8 porocal b about 0 poreent avereB snmao enge- in
~dintanon, The highont feaotion patndnad, of tese ditn, was for alfnifa folinge :
. b 200 milon awny from shol Bmoky, Tho digkelissidons of Hm notivlly on tho - i
i e . (nHook |1u ptiolow thut wore doposiiod i soverad of the Tocations nee piniisi n ‘ =
ST  Plgare 200, The vidues of the median.dinmetors deoranay with lime of nevivil : T
. “onm wotthd he oxpadtod but the spread of tho vaelows netivity =alvo digteibutions s )
T T appones (o he rovighly. Ihn AninmAn lnunruhmlu unita. n all the cmllomml mime=
S ulun. ' : S -

, e i 'I‘hn mMm' oonolumlon fmm the fliitn ol l!nmnav nml wwurknrn Wthat "o S
- —_—— Hw fpretioh of the depostiai falloul colleoted . ratalned By Totngo is. wnlmv R4
e T amndl even whoi thediimotera ol Tho nrpiving. pm*lmles A mmm c\mruuh n :
S meemee— T e rappocd by Shehalve-and-resinn-an-tho-lanyor—1
) v . o === _-onnnot ho sonsidered ng wignifionnt souraos of wultm,lm* w&gvm Iwnvv e L
JR Irlﬂpnsus from land pypInGE detosint 1ons oo e il whoro:th pnrtluln clmmmm' o
- : ~ Ave In uxumnu nl‘ nhout no mu.mnswi;i o

T \\

K ‘l h—ﬂr nra o mmd tlntn on the (qurmtnmlnntlun ul" Inlluut pm'Hﬂlu! !‘vum T
folinge (noglooting data on the. vary fine material of woeli=wida fallowl),” Wom= _ :
ney-and ooworkers™ howaver, do_repnet datn on tho deooninminniion of Tnilout
I pnﬂlalau from folingo) thome onn be used (o Inglionte nt leakt the upper limit of
R ~'n deaaniumination by i heavy rain, The resultsof tha exporimanin, using the .
— , meememt- - fladontR ination reagente-witor, 0, Tnoemmt 11wt Hpurvent BYFA weo -
3 oo T mriviedt in able 830, THe water decontaminntion dntn would ho moat repre=
e ; ~swnlative of the dooontam Inationthat could vewult (n 4 heavy fain, T
T  folinge losoniaminuted-genernlly (v laveln:heiwoen-aboul B0 ani-40- - 6f
the {nltial teponii, However, tho wmooth=lonf armual was decontaminated o -~

" Wperoont aml growlng whenl.was docontaiminated to about 30 peroent of the inl=
Llnl haval. 'r‘ha mller value should ho rapruantmlvo of mnnl m*nu-typu Tall mn

he r(pwrl

'l‘he roum nnmnm!nnunn dntn appear Lo-show that ntl Ilm |mwon oRA-
R plnm rotaln about the siime level of pontamination on all the Tollpge. 11 axaep=
o ' - Wona_to.thir rather wniform dintethution on-piant folinge san aoour’, (hoy eanoelva -

, . nhlv would he most predominant In follage growths such ne n very donae inil - .
e o Rrowth of grosa: This-interprotation of the-conlamination prooosa at lenat ngreen o
et e hoboy with e abzefvatons than a-process-in whicl nnly-the expoaed murlfiees

’ -oof the exterior or upper leavos are nesumed to bo the only oollooting surinoea. '
~The wmo of the assumption of uniform oontaminntion of a1l the folinge on o plant
~tillowa coreolution of the fallout particle retontion ditn- in lorma of the mope of

thetaotieoting follnge on n plant. Tho aoreelation of the fblout retnined ner unit

il

a.4
=




of try plant (lenf) moma with the total nmount of frllowt deponited nt n loention
enn then b used o avalunte the internnl radiologlon] havard from the Intake of
radionnolides In the fallout rotained on folings, To mnke the correlitions, a

- folinge contnmination faotor, ny, - defined na tha ratio of the number of fa-

~ wiona per gram of dry plant (fo laua) to the number of fiksiona of total fallout
per aq, fi. of soil surface, Tf the plant or folinge aurfnoe denaliy 1a defined -
&8 w, In grams of dry folloge per ng. M, of eoi! uurrnoa fhe fmutlon of the
fallnu ratﬂlnacl hy follage s

(finntons/1® on follage) - - an
{tlanlonn/ 1t on uqllw) - S

'l‘ha danomlmtor qunntlty, ﬂuslonu/ft’ on soll In um tutnl fallput dapnllt

= - uptrka path, at Tanat for-sxposura timas of pholil § yenr,cnn be oxpected to he

~-——unaarracted-fok the nmount on. the follm. “The. value of wi, I8 0 meaaureof .
the denstty ol plants growing on the land; The valuem.of n ag, and a*; - (for only: o !
- partlcles. with diametars laws than 44 miorons) repurtud hy Romnay.and co~= . BT
workers™ are given (n Table 8,18 for native dessri<iypm folings, Tha in= -
dapendance of the valuow of-a*y;-on distance from ground sero e further. '
-avidehos of tha selectivity of the folinge in rotaining anly tht,nmanur Particles. ‘
~ The high values of a*y, Tor the {allout from Bhota Met; Dinhlo, And Khaata could
‘ha. dua alther to higher humidity vonditlons and early post=ghot plant collaations

_af 1o the-faol thai the fallout from thaod datonutlons uontnlpncl n fairly large

~ {raction of the activity on partioles with cllnmm:oru hmtwu}t 44 and 88 mmrom
which wwo‘rutnmtd Ly t;hc foung@. - o

ERaRRav )

Tor ganaral une, tha valus of n 18 % more ulmpnrtnnt hunnmy than. A*L Ty
s The dupandannn of the valuas of a un ‘savaral daetonation parametare and fars. -
thor-analyuin of the dala pnnnhc’(‘ {n this naction ave given In Chaptor 8in the .

 form of fatlout contour ratlo sonling fuhotions. In moat of the dts of Tnbl- ] L T
tho valun of “L lnnronu with cllmmcn l‘t'om gvouml umn. "

lt wis previounly mantloned ehnt. for 100 pm‘aant mtamlan ol thw miom )
an. uh,war, the pradominance of the direot uptake path for animinie enting con= .. ..
tRminated alover might be on the order of §500°to NO0D timan greatar than that
" of oating new clovai on vontaminated soll. Howevar, for folinge conditiona
where the volue of g, 18 1,0610"" and wy im 10, the fnotor of pradominance for
the direct-uptnke pnt iw retuosd Lo the aeder of A% to [0, Thus the direct=

the predominnking mource of an Internal harard to nnimuln and humane after n -
nuoloar wir in-which lnnd-surface oxplosions tnke place,

#hn
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Tubhle 4,14

HUMMA!,W’?W AVERAGED FOLIAGE CONTAMINATION FAQTONE FOR
NATIVI FOLIAGE BXPOSAD TO FALLOUT FROM TOWER- AND
RALLOON-MOUNTED DETORATIONS AT THR NTVADA TERT 8ITH

10" s L ‘100 n'lt"
i Mastona/gm o fisnlona/gm o
T Distance from dry pinnt _Hiry piant
~ Bhot . | GQrowml Zwro ] ] o 2
- I (miles) fimntona/tt of J |\ Danlons/ft? of |
. R \ total fa}lout w44y fallout /.
.| Tewlw, 1858 AR 0:008 ——--388 _ - 1
2 a0 0418 O miR1
, - { ” 0483 - 880 )
. . ©ope. 0,24 L koD ' ]
- | Apple 1, 1088 18 0,388, o ] ;
| A E 0,888 . - 9,88
- o S8 |7 04a | B . ‘ o
| Mat, 1088 [ - 0,088 - 104 g
o .8 RN C 18,00
| 3 140 208 18,40 .
Apple 11, 1083 oo o02: - I - AN g
Te 48 Looamo P 2BR .
-t :l,:, "_,,,-,;;, B o . 100 7..;77’ 0'97 ) s I.OO ) C ‘,,, o
| Princilln, 1087* - B 480 B0
! - N3 c.oges s T e 5o
e A0 1.1 I R TT | I o
_, " 1M 7 T I SN Y R
Pt 100 4,0 - t10
Dighlo] 1a87 1 10 e
Lo Y3 LM 800 .
o 40 0 - w4
' _ 08 3 T I 08
Shaata; 1087 Y 1.08 o 1A - ) B
_ ‘ 4 " . B.81 e
; _ 1 | 810 B 1Y 7 o
Bmoky, 1087 AR 0,480 2.04
o R0 0am 202
100 0.450 R.88

i
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- hot
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~ Graund Zoro
{milen)

dry plant
\ finstona/tt" of g

]
finntone/gm of
dry plnnt__

| lﬂ"a"i

Mastona/Mt2 of ]

130

o aae

=44 {nllout

iDL
S 400

. ' N
170
200
- % Blloon-mounted dotonftion
. c;\},
. B
Y
! i

nd

e =

1
o
=
H
!

L
RS PR




g/
— ) B . ) an—

10

1,
1,

4

b Usen of Atotnio Bnergy, 1, 0 (1956)

- OHAPTER ‘H ALPERENCES

Thc Rffocts of Nuolear w“punl. U8, Govornmnnt Prlnunu Offioe,

Wnnhlngton a8, DO, (1957) .

Eallam R, Cyy and N. N Bﬂllnu. Caloulated Abundanaei ef U-ﬂaﬁ Flawion
ruduutu. UBNRDL 408, 1956

Glendenin, L. E., Technical Ruport No: 88, Mnumhuuttl lnltlmte of
Touhnololy, Gumbridgc, Mnl.. 1940 - .

Pl’ﬁ]ll‘lt. ﬁn Du H\YIu RﬁVu n| 7 (10‘7)777 rrrrr 777 . W -
mooft. Tymuur. mﬂeahmn 10,4, 78 0Bs) "
Btomblﬁl. E. P.. L E ummnm. lnurmmnul cnnmlnan on The Puno- :

Plppu. A , Gy inwrnattoul Gontammu on Thw Pomerul Unu of Atamfu
mnww, Vol 1a. uua (INB) " .

‘Wanl, A' a" J' lnﬁrl-Nuul Ghomcgv m (195!) -

Glundnun, L. B, C\ D, coryoll. lnd R. R, Bdwards, nudionhamlual Etudlm e

THe Pingion Products, NNEN, Plutonium Irmjuat Ruoord mv. v, j. {ﬂ.

‘mam Hill, New: York, Nty 1 o

}rrrmgton. Ay Mumhﬁmu Instituie: af 'Pouhholowy. Luhnnm fm.'
Nuclear lmmo. Annual Prouren Report, p. a7, J\mi mnv-.mm 1“!

'Mﬂlor; O F.. A Thmry of B‘ormltlon of F‘l"bui.. Uﬂﬂm-’ﬂ!-ﬂﬂ. 1960

Adams, ¢, B, LG, Popof!. and N, R, Wl,llmc. The Nature of Indlvldunl
. Radiorotive Parvioles, I. Surince and Unﬁurcmnnd ARD Pmlulu from .
_ Qpemlon Jnngle. USNRDL-874, 1052

mkweﬂ, Rw D, Prajent R e Taport, OpeTaLIon ngiu. 11’!53 f*':*'
- Achorr, M, G, and B, a. Gijfillan, Project 8.0 Rapurt. C)mruMon Jangle,
1952 ’ ’ o

BB




18 Alexandor, L, T, 4. M, Blume, and M. B, Jufforaon, Prolect 2.8 Report,
Opomtion Jangle, 1032

1. tawnrt, K., Trans, Faraday Hoo, ga, 101 (1986)

o, Fuiiijohn, . J,, Mdtmem!ary Rovka, lmrpor Erumuu.Ncw York N.Y, - -
4 E j

.18, " Adums, O, B, The Nature of Individual Radionotive Partioles, 11, Fallout
Pnrtiulan from M-uhot. Upnmion Ivy, UiNRDL-dOB, 1958 .

U 1be Ma‘.m!..t;‘ E. N H Farlow.undw I-‘!. Echall. Gmohimmu ot ﬁ } o
S t.Jonmuohimia. _l.g., 18 (1060). o o !
| ﬂdf."* Aclaml, €. B./and . P Wittman, The Nature of lndlvlduql Radmgbive ; o

- Purtlclu frorn An ABD of ‘Operation Upmhot-xnotholn. WNRDL—MO. 1904

- ',;dm Adaml. c E., and d. D O'Oonnor. Tho Nutum of Indlvlduni Radionntiva
IR Particlen.. V1. Fallout Particlon t‘rom Y 'rnwer i‘lhot. Opnmion Radwinu.
UBNRDL-TR'AQM 1088 . A v

| T Furlnw.N.Ih.AﬁﬁJﬂ,ﬂ!mm an, aaa (1u57) —eT T

-l Knn,uro Kimuumundvn Oonferunoo on The Pnouml Ulol of Atumin o
) mnamv.z_. 198 (1946) S v . ‘ P

¥ b

5 sy -

M. "_Mnakin, J.. P ztumun.l: L:wu. D MoDonnld. nnd n. Bam. I lnom Nunl
© V'Chem., 15, 30 (1950) o

sl et o

nu. Jonal. J. wnndn T nmmn. Aman.naev 1946 - e T

o

,lﬂg, ‘Millar, 9. P, and P, Lmh Lontaation Rate and Phaton Pulu Dooly ol [
Fgllogl {roduotl trom The Slow Neutron Fiasion ot u-a88, UINRDL-M- P
R4, 108 P Lme o

B 'M:' rmllns. B0, n‘mmnmon aorrelutlonl. UINBDL-TF'm' 19“

E 28, larson, K. H., J w. Neel, et al,- lummnry ltmmunt of Findings to the
- T Disiributien, Oharacteristion; and Biological Availability of ¥allout ,
© . " Dabris Originating from 'x‘outlnl l'mluml at the quda Telt Bite, o -
S : uom-ma we . L e

- a0, Nuh{u Hideo, E:'M, Romnoy.lndx H: Lnrlon. Agrmulmnl and Fnod
" Chemistry, g, 2, 101 (1061)

D
Al




e aa. Mmer. O Pa Anulym of Pallout nm. n mdiolotlve Deoay.

- " av; Dunmnm Cmrdqn M.. d., Rldionotlvo Ounmmlnntlon of Onmm Amll

40, Bellamy, A. W, vt al,, The 1048 Rediologionl and Wiologloul Burvey of
Arens {n New Moxioo Affeotsd by the Pirat Alomic Bomb Detonntlon,
. UCLA-28, 1048, '

al, Rnlnay. 0.7, et nl., Dutrtbutlon and Characteriation ul‘ Pallout at
" "Digtanows Graater Than Ten Miles {from Ground Zero, March and
Apru. 1080, Opearation Upnhut/xnotholi. WT-811, 1084,

T Ltndb-m. R. G, et al), The Factors Influsnoing the nmlogmal !"att: ‘!md

Pemmnoe ot Radtanguve l"nllout, Oparation Tonpm WT—li??. 10680,

38, Romnay, R, G, Lindbarg, H, A, Hawthorne, B, G, Bystrom, and

o kn Lauon. Henlth Physioa (to bqwbluhod)

,“‘ Fullnr, I unpubulhod datn. UBNRDL. 1960.. .
. 08, Holmun. W. T, and R L; !\'Mlon. unpubllnhqd dutn ﬁBNRBL, maa.

© - UBNRDL-TR-321, Del. 1988,

— M

" {n the Paoiflo Ocean.from Nuclaar Test thlncton. n.0, Momia Energy
. Oommmmn. .Augult 1987.. - : S

" .

aa.’ upp. Ralph B Laul l‘lnout mdmnotivtty. Bummn Momla ﬂolenu;t;,

xv. 8, 181, 1088, "

. | 'an.' Knlpp. H, Ay mmmal Gmml Dnul and D:m nma tmm thg Fnllr,vut
~-—  from Nuclear Detonutions, Qivil Detanns, Hearings bafore-a Bub-

‘aommitise. of the. Oommltm on ubvommm opormonl. H B. cmn:mu. '
:.aeo. o ) , ‘

j 40. . Mmar. J. ‘R, and R, !‘. Mlumnm. M'.n of I.uohm; through forta by "

llmulmd Rain antl Irrigation Watars, ARR Report Na. aoo. mw '

41, 'I'hovnth\qenm. -] w.. e R. Mather, andd K. Nakumu\'n. !oluncm. _L,.J,.

s aano. - -

un. ﬂurtnr. J D, and W, L, Owens: Radiologioal Hpnnvory of Land- Tnmat .

— ﬁampunam. dmnphx hmﬁi. UBNRDL-TR n pramrmmnr 1901,

‘v




- ol purtioles oool and sehidify ut dlﬂ'amm ontes and Umos..

(ﬂmpmg- 1t

A 'NHBRMF)DYNAM!C] MDDEL ()l' FALLOUT l"()RMA'l'l()N

a1 mmwmm

“The eRsentinl features of the fallout formatlon process deduaod from tho )
final siructures. componitions, und genor«| nrormrnan of l’allmn. prmlnlml LU
dan@rlbad m Bnotions 2.3 and 2.4 nro that: :

1. Bome pcsrl.mn qf the mlionmlvu uln‘mum aunclunucn in Hould
© pariioles, :

2. ,'!omu portmn aondenlal onto the m'!'uun m wolld purtlnlc\n

~8, If & tima limit is placed on the prooess, somo fraction of seme of -
ﬁ_fhn radioantive elamentl will be stlll In the vapor phane,

T Evnn i the ouse where the bidk carrior Is ses witor, the flvsi twa — — - —— 3

siatamenta nre valid for the fallout from n moderately high—ylﬂld datongllcm
noar the sea suxfaoe,ninosthe-temparature of the drops, at tho nltmtdm e\\f 1hn
olaud. witl at #ome tima fall halow froeuing.

o The unernl anndnnnﬂfan nrmun ‘aan he cllviducl 4o two uunnml time .
pil‘iﬂﬂln Th- ﬂm pemd of the pmuun I uhavnuuﬂiaﬂ by eho prnnnau ar-

phnul. 'I'ho flrnt period of oundommon mmln whnn the bulk aarvrtm- pm*umw/

wolitily. Thets in probably no rexl preolse instant at whioh thin acowra i the - R

fireball minoe-temperature gradients musi owrtainly exist) the clmesmm-simn '

" One mm important npum. uf the condenaal. lon ol the- vadlmmuw Nnumn
produata Inte the liguld phase La that the flamion-progucl elemants nnd oumpuuudn
Ara dissolved  Torm a very diluts kolution, Deonuse of Thim dlluidon; the .~ =
solution prmallm onn ha treated with nagloot af (w)aurfuco maturation offsete and @ -
b) Internctictin s mong the various mclloumlwa aleme\ntl in the rnrmatlon of the
solution. : . o o

, !h A many madrix, l.e., a"ﬁer,lolldmnnblon. lth cu.mm).v‘m'd nr nommundml
fisaton producis should ot be ahle Lo encaps, With consentrations of the order

7




of 10" molow of Hemion products per mole of gires, the vapor prossure would
e axtromoply tow and the diffusion of the elemonta thrc»uwh the mn]id plame would
he vary alow,

- The Erﬂauun m odoh flarion product that in mndonud inte tlw Heuld
" onreipr partiolen when they molidify will be determinsd by (a) the melting poini
af ‘the varrier and (b) the time after fimajon at whioh the solidifioation coours,
17 the melting point of/the carrier ia high, the {raptions (het are condenked will
be amaller then thnln ih oarrisr meteriais having low malting palnis, For some -
o the larges particles, the tractions that are cordonsed will by determined by A
" the time gt which solidifioation of the parvicle ooours, In the case where the S
: S o onrrler aan exiet i the Ugudd wtnte over & relitively lavge tempriitine ; range,
= ——— ———-_ “~—anithe ylwid-in reimonably lnrge o thet firsball dows not cool too Tapidly, tie o F
L - . latger particles onn net only enter but oan leave the tireball volume hofore the . -
mborlar gmm eeal to thy tmpnmmﬂ [t which thu pmmﬂu muaw.

L . ke triotion af :mh Heeion praﬂm thet 18 mt aam:msnd itto the thuiﬂ ' O
: oo : phml of the varrier oin still-vondeneo on or renct with the surface of the solid LT e
Pl ot pariiales. The molid pasticlen avatiahle aould oonsist of (a) the kmaller of the
o R - melted partiolan (sinow these do not dall out #f the cloud volume AN sosnorms — . .
rapidly as the Intger phrticles) or (b) of unmelted particlon that enter thegan -~ -~ . =
vulumo ul mm Umeos, ) B S
e hm Mustration o ﬁhn mj@r Epm of immo I the irmmﬂw pm.dalu
- found in the comal fallout: Beoruno of the high melting point. of onloium oxide, ' - : e
the humber af the more notive (lused, spherionl) particles found wis uavally, e E
T but not slways, amilles than the . m.\'ynbur of trveguler unimelted particles, Dven = -]
e o o though the hised particles had higher specifie activitten, they varried a fractlon - . o
o o ... altho: Lom ‘radionotivity prodiuced thet was much wmalier thun m mw@n
v_-om‘in Ty the |rregular unmelied ;pmﬂuln. ) T
i F o R
_ -The rwmn wantrue far ﬂ.‘hqp pmmlu of the’ mwurnmlttn: nmmn '
SR " glnwsos, ‘Thove inno doilbt thet heth unfused and sintered grainn of woil and
SeRE T the smaller fused ob earred radiondtivity on thelr surfhoes) various
e o T ameunta ol Activity vere lanched {rom the samplen of there partioles in witer - S
. and-tilube acide. ‘Howaver, in the presenop-of the larger funed aphores in hnw- e
~fatlout regions the irregular soil graine contributed only o rmqr mmu tncmn S
ul‘ uhe toul mdlonutm pentent of he fallout e\&wm. o b

, . : : _ In the weoond pe,plml of nunmihuﬁon. v n:.em the pastiolen aalitity, fho
- e fiemluneprodwot slwments may sondenee by (8) woblimetionon the wadisoe of
, SR - nolid particlen or (h) they may rerot direotly with the cRrriar gubstAnce. In
" " the onsie of A more or less apan or parous arystel stiugtups, the fimelon praducin
naould diffuse woll into the body of the particls, This prooess was evidanoad hy
thn lnyer of activity in the lrregUlnr num\l particlos.
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*ﬂw falloit particlon; it i posnible to cohaiier the gaa=liguid pase vondensal Iﬁﬂ - - - o

: Mn ommm“ u;mmu !Mlm mmnm.

S m‘mlt!m ﬁmqiimr mmm ,,L;I_’_’*mllw ul‘lillm 2oly S
7777777 *fr)f I Pg » ’MN! _ I “'”‘"’*” f""t -
mm&u mmmammouummmmwmmm I the _

e Hemye W oonatamt, and ;i te partial preasure of the gassous specien of

The proviously: mentionsd vapor<Condepsition compuiiiions Wathg simple
kinetio theory, or the more complicated method amwed hy Stewart!, both dadioate
um nnndﬂnnﬁimnwmm Izmiﬂn nqullibrhm\ von be optahtshed within n fraction

,,,,,, 2000'K . ‘The finding of the smadl mphores
uunﬁrma the numm ol !h!u mrlv dwm vapor-cendensation, When wuilibrivm
{8 entabiinhed the gancoun apecies ef erch fisnion product element tan alther
(r) reacd with the vapor or Hguld ppoaducia of the hulk cdarrier, or th) dis- N
nolve into the lguid phase according 1O Henry's law of dilute solullons, Thone : -
solutions of fission product olementia or compounds th tho Hauid ghase should '
e 1wy sulfiedeRtiy difure to result in no changs in the free onergy of the lquid
carrier, and () so dilute that the froo energy of sclution of snoh element fa

" lodepondent of the vontoninmtion of sil othee fisnion-product slemenis.

Mwu m‘ !lﬂse axipama dﬂmm af i.!w ﬂwm pmm:t t'!emm»: PR

Aind the solubllity of sich fissicn product slemaent in the carrior an an indopandent
- fwo-nompotent ayastem. Moreaver, there shoauld be ne-appreclable surface - — -~ -
losding {due o Jarge axcesa suriaco concentrations during the condensation
. pronosa) 17 the tomperatiite range over which the Yquid carricr existy excoods

- 160 or MIO'C, Concentration gradients in particles’ may ocour, fowaver) par- _
- ticlen Vhnt wre wot femted very much shove the softentng temparature and are L
rot vary flald, or larger particien thai may not have beon walted In their sontar
by tise Lme te suriace tomperature (xils oW Ve mmm puuat, ‘would sach B

e m general mm mr mu -Mqudad ]llm mnﬂnmmuu pmum m . ,
b mnmm‘ One in Zenry' s law of ditute solutiol; the other {5’ compound - BV
|15 iﬂﬁm by ST

mlmmt b lﬂuramlmnal'nnn, T . o :

Py e o8

- An wiitely NQ MRLT mlr_ !mam;a ﬂ!'%z’bﬁ#é,ﬁﬁ*gﬁ sepien of x!imm Vintke — o *
mmmd P 14 the Total puamn, cnm!a!nmg fiq. 3.1 and a.a gives ’

NPIN ek, /P o R

o
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- various major ponatinients (n the fireball,

. @ glvori pAIF of values of P and-T at o given time wobld be valid only for some

' 737_—n—'unirqm?a;-.iviﬂ;e*mug for the whola volume 18 assumed In the trentment.

o the thormodynamic frentmont, the depordonpoe of Ky on 1 will e
awnumed too umnll for all vlomoenta, 'The depeadencs of K, on tomperature

-&fi, /it

.18 degorthed by K o whare k{' in a consiant and AH, (s givon by

aH, - L} 'ﬁ, . : Ay

whare L[ in tho relative partial molnr heat content of element § in the gas phass
. and T (e its relative partini molar heat coniant in the liquid phase. Faor an tdenl
was and un (denl solutlon, AH, {8 the heat of vaporization of (he vondensing
- speotos of slement §, : J , o
R0 el ;

- - 1t may be noted from Eq, 8.3 fhat & deoress in the total prowsurs,
- Pyrupulta in an incronee in the ratio, NJ/N, , or a decrense in the mole fraotion - S
~-of-the minor conatitumnt, J; in the liquld phane reintive o It mole fraction in the .~ =
£98 pane, Bauauee of tila, NJ/N, depdids on_the vapor pressiren of the . - '

. ——f«—vp’i!'ﬁfiﬁi’-iyﬂ]ﬂﬁ:QﬁMﬁﬁiﬁtiﬁﬁ“‘MWﬁﬂﬂWﬁWﬁhﬁiﬁm-i‘lil'!ltlnl—-.- 4
. 'temparature ckrrisr and when the temporature (a high and gas volume not lully.
~._oxpanded) the (otal pressurs should aleo ba high. The high premsure would tend |
to- deorease tho value of N -é&,,:ﬂ‘???jlﬂ;lli!'h.%!ﬂg_n?@ﬂmw would temd t6, -

" Increass the valuo of NJ/N, by the torm o~AH,/RT, Bince both the pressure .
- and temperature docrense with time, the one should tend to oancel or balame’ . . - |
“the eifect of the othwr on producing changes In Nr/‘N.?;;wuh time, although over - -

8 long period of Ume the effuct of the lemperature detrense will genarally pre- .

vall in the cooling of the freball. - . -~ oo T TR
-~ - I the lguid gotl partleles-pre samimed s be more-of leas ubifobmly — =
- diateibuted throughout the fireball volume, and-the tmperature (s Nlso apsummed =~
~ (o -be.samevthat uniform, then ﬂll:thﬂ. fd-partiales’ may ba considered-as apingle -~ :
. liquid-phaso in-centael with the gas-at-agiven tamperature and-time. Although .~ -

small incromont of Uhe rTeeball valume, it 1a cbviouy that those cannol be givern,

~ of slement I'In the liquid phane 1 glvenby ~ | - o
S o Nyswng/nt) ,/ B | H
~ whero n.i# the number of moles of aloment | diwscived Inn(t) moles of liquid
_earrier whore w,€<n(# ). The mole fraction-of clofient | 1 The vapor phame 1n .
glventy — T Sy EER .

. Without iﬁi&il‘ylu the number oF s ae ?Emnlélel; the molo frastian | '

{

‘N" ﬂnI']n ’ : o m-ﬂ)
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where 1 (" 1 e pumber of mul«m ol olement | mised with 0 molen of Vilpoy
il nfteen,

1 the porfeot-gns 1ow u nesumod for all tho gRACOUN BPOOIOR DO -
prising tho n maltm of gan, then mq. 4.0 can bw written as

NS nRT/BY am

 Bubstituting Eas, 0.0 and 5.7 ino Fa, 8.8 @vos

< — .., The rntio. n,“/n, , i mq. a 8 dopendl on. \ the vnlueu Gf k, W T and n(t) pnr unit :
© volume ih thé {ireball atthe time, R

T . detonation, aince the amount of oarrier material liquefigd dependns on () how

S o= =7 . thedilute solutivn, - However, whon-the sempound 1s formed with the (sutk)
ST S L -~ compound AR may be whitten s followar

e T — 'l‘htl rm:tlon may he written as a um uf three oy foul“ npnmto . B
I S ~ - peactione. depending on whether the combination of & and B.eeouraml A = -

S SR --lndipandent of the total amount of the elomeont preuntrﬂwrsinre -the mame -
‘ - fraotion of an alament should be condensed ot & glvon tinio and temperature for :
B _ n 100 pedoent flamion weapon as for & "oleal! thermonucleur weapon of the - -

S ST os 7 T T aame tothl yleld, The value of n(4i/V. depends on the total yield and time aftas

" the total encrgy in utilived in the proceas and (b) the rate of the in-flow and .. . -
lpntlal dihtﬂbuuon of the earrier mnwrm pasuinz throulh the, flrobnll volume, -

- R 7_ R cufﬁpwnd formation of an olement with the carvier in tho gan phnne,
e eEL 'followad by condeniation of the heaviex gas moleauls inta & liquid solution wu:h

-~ “the mgited catrier materinl, oan also be descrihed by uie of Henry' s liw for .

Hp . ol vagorinavion must lw ooriidered, The over=-all reaction for a direct com-

-bination of Hamion praduct element A’ with olrmr mmml 15 to farm the

f A(g) * jmr-‘fmu), dllute lafut;ﬁn in nu)“ BRI R

om\donn“ op WI‘III\ B gm tha vgpnr_plmg@ pﬂop to- egm!cnmn,i — - -

R —Thera whould h: o diff:runﬂmthﬂwmmmeun with NRIR‘ITG - T
C the! tnml change. in [vee annrgy hotween the same initial and flnal thormoclynnmin

f

1M

S ~Becatine the mole tractions are amatl, the' value of B /n 118 = R

- liguid oagrier, than the free energy of furmation of the compound and ite hoat *i




stnton. The difference, if any, would be in the kinetios of the prooess, In the
fieat provesr, the separate ronotions and the ntnmlard‘frm-unmy changos are:

Voo Alg) = AL
) . ‘ " (8.9)
AFf F—"RTII‘IPA -

2. Al B+ AB( :
- (a.wa
AFY » -m*m Kan ~

whgro Ka Q iw'tho aquilibrium constant for the formution of AB(&) fram Au)
]

. Wh‘“ 5 ?f o the thermodynamic sotivity of AB() In B() and in aqualto

’rumuonu. or the free mmr of t!m ov-rnnll reaction, is” . _
CUERL ’AF’:‘E'RT:‘Q?E e tb.xi) .
C— ;, AR AR Amﬂ~ R -
o o o o B ‘, RELR i (R - " o o g - . .”“7; V 7:-‘7;‘
tn m nuam pmmn. th- nipm.tu umttml u\d the. lmdmi fm- R =
& !y ohmu aAre) S e S ]
o 5, A(l) * nm-mm LT T
o "," . Pad . o - . - -
am s arm bR P IR 111 /% .
7 i ;fn,”“m, T T t _7)
B BU) -'—am PR
ATt kT p,, B 1 B =
e R ABG T ABY I
o : e T o ,; B 7’ (8,18) -
At = R PA"H —— LS -
4.." - ABI) " AB{D), dilute loluuon in B()
o (8.16)

: nd Bu) thuamper'ntura. T. The solutlm\ umlun 1;
8 AR - AB(!) duutg ioluticm in nu)

et e (8.11)

AT} @ -R"”ﬂu R T e 28

NAn {5 tho mola fraction and KAR (s tho Henry' s 1aw conmtant or

uatmw uaammm. Tha suny of the standard fres=energy ahmnn o e ﬂma

AF®

-RT“‘I N.A.B kAE '
102




The s af the gandaed fros-oneegy ehanges for these four venetions ix

A!Ell" “" 'fn ______ . : ‘“;’7)

’l‘lw froe-onergy chntigen givon by l*‘qu. 3,18 and 4,11 would |w otjiind
If PA /N p of Ka. 4, 12 1 agunl to ”A/N'm of Ky, 8.1%, or 1f Kai | :
umw. [N?w porfoct-gas Inw e used to eatimate the number of moles of A » A
in the gnr vohime from I’A in qu, AR or 8,37 wyi if Nan in rnplnm-nl hy
nA /08, the' twa cquations heaome

G : L i

S ’ K R"., AP /u'r

.1 .

| d(.‘! l’ﬂi i

AF’ /l‘i (K. 8,18 or !‘Ml AF”/RT‘

wmmﬂwly. ﬂaplﬁnim; alﬂmr k Al KM;u

e (R D9 by I ForiuCon the twS. equntions Lo the wame form aa Kq. 8.6 The -
o - same computaiionn) trenument would therefors apply oxcapl Uit the siandar)
" Irue=cnergy functions, wiis availablo; could be uaed to nnlnulnta uw l'ﬂ'escnww

- ﬁltﬂﬁu Iﬂr ﬁm unmpuumhfafmunn rmu:mu.

L i e e - UL

o L Thﬁlm mmmnd-mmauon r«nauon denapibed nhuw did nnt

e . !rmludn nuy renction hetwoen: the atmospheria ‘oxygen and the elomont A-lh l.hn , S
Cleo e oono L condeneabign procera - Of eourse; oven In-tho firessnce of oxygon many of the ]
- I C Henlon=product oxtdon-are pnmnily of complotely dissooiatod In the vaper -~ 0 -
B . ¢ .————phase, Dar thaie thal are eomplotely dissocimted ni U TemsTauiron. whoro the o
B . e anrricr matorinl exinte as a lguid, the nbove renation(s) 1s applicable. -Also, :

A1 the exides are complotely assoninted, A(g) iy b ahen to represcnt the
S . oxide moleoule, and Bq.. 8,18 or 3,19 onn bo applied; Howevor, for the nlnmmu ]
R - i which the oxide molecule 1a partally dimsooinied n the vipar st and =
© neaoointon fuerthor with oxygen in the condensed siate, the ukygen: pariin pmu-’ e
;:m will influenao the m!uuvn nmnunm nr the elemeont m tlm Hguid and the gam - » E;'
nmm. SR , : :

’!‘he uver nll rmation fm‘ una mmdt'hﬂnﬂnu prmmnu w o

Ag) » NO,(H) # B(2) ~ AGy, B(2), Hlute nulution in B(J‘)
n whit'h % im the numlwr of nxvnvn molm-ulﬂn thnl combine wﬂh ench-ntom n\
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olemont A, Repeeato ronetions for thin over all reaction can be set up in the

wiimo way an ubove, but for this aver all reaction to be tifferent feom the aie
Aabove (or compoting with 1), the gan dlome ol ‘A nnd () must ho in equilihrium
with the oxide of eldmant A In the vapor stato, Tho axide moleoulea then

aither (a) roact with. B(2). an they oondense or (b) they react with B(g) In the
vapor before the Targur oxide molecules condense to form the dilute solution.

In the firat of thane fwo proceanon, the mpn ratn ranouonn ani tho Mnndm! rrrrrr
trua-annuy ohnnuu arm ; S

Mm + mnm " M"a.(u) : .
: man

f”f : _ AB‘“ n "R”"PAO,PAPD R
e e T U . e
o S _— T (A

o ) ‘ o AF*‘ w R’I‘ln PAOD. ‘
o LT "*Arrmmm.. ADy B T -

w o AF' ‘I y -M‘!n KADB B

where !ﬂh:ﬁllllliwlum comuno for the farmmon ot AD., BU) from
o ey Hfl two Iﬁ%ﬁ compounds at the temperature, T L i L
T L - 4. AQ..B(!) - ACJ.. B(!) dll\mr lulumm ln B(l) .
S i S - . e 'W'(HB)
i RO S Al‘" " R’Nﬂ NA@H"AQH : RESTI .
3 o L . *l‘hu wm of tlwm nmtlmi and thﬂh‘ mmdud ﬁwe-enargy ﬂhnnnm
** T e e IR R Pg T ,,
L e T T A!"ffe, Ii’l‘!n 1}
e e ) mﬂkﬁAOB .o '!)
S — L TR 113) tha nunn:l pmou. the nmmto Nlﬂtlﬁlli omd the atandard mo- o
L T e T - ennuy Ehlun arer. e
: - Lo Ml) + an(ﬂ) = AOn(n) -

2 HI - T !n n“_)_ [ ———

AT ~ AF" ¢ eRTIn ;rm/pAP?a

4, Ay, (g) + B(g) = AO4, Iig)
- - (8.80)
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i, WEY - Ng)

_ {87
A"« <Ry Iy i
e AOG EY - AO,, MY
o (,28)
A!"" ‘% UTn p’\CJH ‘ N
i AOy M) - Aﬂu.r!m. diluto wolution tn B - o
« _ - (1.2
AP ) B -RTh\ NAOT“‘A”“ v ’
The mim of the (ive: nmndnm l'reunonﬂrg,v n‘hnngén ln
T 2% o
T ’ ) AF" RT'I‘\ N k‘“ N ‘d 0y
: o Abﬁ Acm )

Equmanu 9 M nml 1 fm, wlwn lnlvml l'm' n, A hy ula of thn mrfunt-mu Inw. ui\m .

o oo K ﬁﬂAFn/Rrr e - J ”
e Ry " "M ‘DB AQ“ o T@ay -
S : In(u/vl T ol RS
o W [ e — =
and | R = -
UL e o w/ R
i’F I "-' e "77“1\‘ AQE ABB - 7, 3.09) |

vmnpﬁotlvalv.

The vnluout n,\ in !uqu. nal tmrl .42 are g@nnluvu %) tlw oxvgan o

partint~prossure, 1f b '8 Rronter than L atmonpheire, the valuo of ns Wil ho
Hdocreaned (most with IRrgewt x_value) nnd the aniount of mnmnnt A oondensed
In Ineronmot, 1T Py 1e lews than 1 Atmoaphoro, the value of ny will ho Inumuml
o (moat with-Inrgost ¥ value) and the amount of-element -A—pond !!I\!Ld o ceaienmed, |
e Tﬁib‘lﬂ imoorporatod into tho Kapp nAhe Anmo way na wan tlofio for the ST

fnotora of Bas. 0,18 ai 0,10, then liqm, 5,01 and 8,63 ann alea bo reduced to the
anme form ne g, 0.8 for matorin hnlmwu and othor wnnvn! aummntmn
formulns, S

o




Bruntiong i to f.058 nen. porhups mrors hgorons in the dofinition of
the eondennntion procens than thid ghven by Pe, 58 whioh doseethes o proness
only I teems of Heney's fnw, oo ront eane, the eneelog matorial In wol an
Inert muhatanon bl iw eapiblo of forming compounds with many of the fislon
product olements. Also, the bga, 5,010 0,08 will ho applienble foe slomonta
that renot with the narrlor in tho #olisd #into for thome, the notations only nom|
he nhnngml from (4) to (&) 1o refor (o the modld rathor than the Hyuid atnln.

" Hoforo nmmmm'lnu iho sooond pnrlud of candennntion, the materinl- .
bhalnnee edquations (i teemm of Hesion yioida and feactionitlon numbers) for e
frat perid of condonsation nre prosontad, Althoagh the form of g, .M for
‘Henry' s law of dilute solutlon ia used In the. trontment, the-fianl materinl -
halnnae eqquitiona would hn mnnuonl l‘or the unmpmlml I'm*n e proooum«..

~Bnlnnnn Qanatralnts and Fyaotls

, Blnae the aomlonnlng olmnuntn nro rndmnothm. tho numbnr nf mnluu
. of oach In aonmtantly ohanglngt iherefore the matovinl halanoe of n given clemen,
", - nlmo chianges with time, On the other hand, the fesion yiekl of o glvon mass-
chaln (oxoopt for noutron enijttera) (s conatant, If the amount of n radionuolide
- .of elamant | aml-mnae mimbie- A prajent nk the timo, t, nfter finaton i uivun
hy y JA“" then the tnm! amount of a!amqnt } present at Hi’nm 4+ n :

"/ - '.’-*“f?f*;’;%/"”'**’v” —— "\*.' * ('-F-'”EA V,M“) ntums U]'_mTJlﬁ_ﬁ— F(u,mﬂ B

: ‘ e E . The cnrrmbmlina nun' m the uhn!n yluld cri’ mnn numbﬁr A N _
: - ' . ”‘ : \ YA 'z, YJAm t_l.l:uﬁu o mulhu . (BQM)

In wlilﬁh Y s c\unuumt ommt fur Mm mnas ohaing oanmnlnu nautﬂr cﬁﬂum'u.
Thn mntor nl bnlnnma {for the amuunel glomont, | In thn ung andHeuid. phnlml In

Y “) n n (t) + n,n) . ,_,f;_;(n,,m)- .

whau thn Mma tl@pmwlnnua qf n" and . n, of l-.ﬂ 0.8 In éncnuntml

I - “and llﬂulﬂ lvhﬂi i. mupnuf vuly. thrr mnrrrrml lmler THEH cﬂnmant N

S Lava e Ly nip (b b 53‘,\“ NG U
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i k'j i umod Toe W,/ [(n(t’)/V)H'I'] y MUbsiLHutlon af By, 0,8 In I'ﬁ;. 1A ives
Zpvalh ) T a0 (0.47)

and, sinue (1 + K, ) i tho multiplior for ench of Lhe nM(t) t.m'ma. tho torma for
anoh nugtde onn ho mepneator out, The saparsied inrms then glva the nmnunt
- of opoh mielide sondonsadd, which 1a

P o o co v\ AlL) -
M o I | lt" : - : !

o ’I‘hn l’vuatlon ol the manw chain that is unmlnnmul or the uhmlutu
+ -fraationnblon number (1.e., refarvad 1o the fesion yiold rntlmr than to nnnthnr
nuollclo), Py (A )y fonhn ond uhnln-mumhnm In clafinacd hy

'y (A n . Zln Am m(:i]"ﬂﬁ{

) S . Bubiit;lt\!tlnn of Mq ﬂ a8 an Mplncvlng the YJ (r)/v rating hy v,(/\ t) in '

Nq. 1,80 glvos, for the fr'nutlnnntlnn number nl‘ orwh mnas. numbar,

w.u E 2‘. .!.L‘f'._'i). B (BA0)
+ k-

~An whioh v, (A.u ll thae l'rnuklon or bha -ohnin ylald of aiumnnt i havlnn man -
" humber-A._Acoording to- Bq, id0, the fraction of the chaln-that In vondenssd
~in-the Hquid phune dopends only on ki and the teaatione of the ohain ylald af

.. . " the elamanis promont, -Tha ue of thin oquatioh, tharefare, roquirow velussof

the-Indapandent ylalde of onoh momber olament of the ohnin it Limes (rom o few

- - - seconds aftar flaNion,.oF at least for tho time of the end of Lhe Nrat period of
’ " oondanaation that may he nppnaablu to tha firet group of pnruulm that loﬂve
tha l‘lrabnll In.the Hauid sate.” T

‘ The onparlmuntnl rmll«mhsmlmu frnutlunnuon numlm forn. glvon
nample of Intlout-(or quantity of mixed llesion praducts) In usually defined an
.- ' tha ratio of the number of ntoma.af n givah maae numbar that are prosent fo
~ . the number of Atusita of mAs numbar. DR that Are prakent, divider hy the .
- expeoted.valua of the ratio for thenﬂ nautron fTesfon of U~4HN, In mathe-_
_mation] notntlon thln T v

- R (A) v..._....l‘.(.'.L._.. | @)

, _ ' 7 RalA) n(99)

T -




Ordinnelly, count-=ente vnklon nro ameed, along with the spproprintg
dpony vorrections from the thime of sunlysis to roro me, with a corresponding
viiun of K, (A) that han haen proviounly dotorminod from mn onnlysls of a
snmpla of U-mm hombardad with therginl ndutrons, Tor annlynes matde mora
: than severnl days nitar finsien, only the It or 1net two membera of o dooay
/ chnin of mowt maes numharl will he progant in approeiahle nmounl. ‘

_ : Blnoe:the ohserved "L fnotors gl\m an over=nll mansure of vm'l- .
‘ntmn from U~2dn thormal=nsutran finaion, nnnthar felor I8 nnaded t Account \_ J

only for that part of the varlation that {x due to tho flvat periord of the uonr!an-
“ lntlun pmrmu. Far t.hm Aot :

n(A)

r“" (A) W | : (!MQ)

e o o Wf*' in whigh K(A) 18 ﬂm true ytqlcl mtlo. /Yo of mann number A to thnf ol mans
' : nimber 18, whioh VM‘H!I ‘with-the kind of ffasioning nuclide and {noldent neutron

spectrum_(the same delinition holde If some masa. mlmbm- oehm* ilhlh 09 in o

nlqotnd e the Mfm‘ahcn huglide), - . o o T

B o - 'l‘ho valuu of tho ratla, (A)/n(oﬂ). shoiild be. chn nama nn tha-ratlo

—_— I T ul‘ the-sum over } of tha respentive nja(t) larma. The (ractionation number

B o - from tho material balanoe equations rofnrmd to- f ntnndnrd hunlldo (in this cane . 0
L e .——-15:: 'zunbar B) bagomes — e e e e —

S :v,(AﬂMMk‘H e
084 T Bl
' ‘,“_"” - 'ffy,m LR ———

_—_ when K(A) 1n rapinced with ¥ 47 ¥ga, 1t s ponsibla 16r r™(A) to hive valuns

R sraaenr,,than one; the vilues a ?X) onnnnt he grum:‘ then otio, o

I ol In thie Wecond porlorl ol' nontlennntlon. the fraction of anch elpmnnt
L oot ounﬂlnnd from the gas phase (when the firahall temparatuTe haa fullen

- , . ‘below the malting point of tha arrrier materinl) can hegin plating out on’the
L - = - autfaos-of molid pmqilulae The-avatiable pariioion for-this pariod of sonden~

Co Lo - _antion can be the antnller solidifled parilolea that have not settied out of the

o ‘ “radiorotive gas voluma plus the unmelted sotl graine that onwnd thn firehall

B ~—~5;:—:.WW*_ ~ ——[ate and wors not hnntdﬁﬁ?hﬂr mmltiﬂﬂ tamﬁﬁt‘ﬁturu, — ‘ o -

: - Althnuuh It In ponnlbla that a varlaty of gna-mucl atnte reaciions may |
‘ - ooour for the diffarent elomanta, dopending on the physical and chomical prop- -
"grties of the carrior particlos, anly one simpie and idenlived procoss in '
. consldared hore. Thia i that the fracotion of oaoh nlamont that is condenmad, up
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Lo mome Atited tne arter Hesdony 1s eolatod (o thnt sdemoant' 1 totsl sublinntion
promsare,  Foethor, 0 Do nsrimed thnt the eneeleor gueface meds na §F 16 wore

©tho pure molid componnd of tho condonsing spoeion,  Under theae conditlons,
tho scomputationn] voluex of the amounts contdennod vofleots the relntlve
volatiity of the @imatimed) conmtituemt givmeaum molooulon b nli tnnumrnlurnn
nt whlnh thin Iclnfl nr uun«lmmnunn onn ocoeur,

ll AN oxouss of nnl Icl-uurf'nm aren {8 pronented Lo the condonsing
mnluoulmu. tho nuniber of molecilea contdensed by the process (aesuming the

procoas to boe revergiblo) af any time nﬂor the m»hd”!ﬂntlon of the earvlor m
defined by i

AR A S W T TR

whm n’ l;ihmammmt of oletnent ) contlonsad on the surfioe of the wolid

pnrtmlbu. n}-18 the amount nf the. u!nmnnupmnlnlnn in thin gns phaus when thp-— — :

anrrier partiolon solidified, and n’ I the-amount in the vapoi phso ot any
lator timd,” Pedauno of rnfllumnu\m dmmy. nll thmn nmount, topend -on thu i
timeo anor mllun. ‘

) - ll’ ﬂlﬂ pnrfiot-nnn lnw Iu nnuumnd I‘or nanh anuun npanlau than L

o " LN dr EL)

_ where v 'S thes  gna vuluma contmmng the nf mnlng nml L; I8 thu nqullﬂmum,

~ wublimation. prosgura whioh; in turn, ln #lvan hv

e e '_7;_, —P"y (ﬂ 46)

8
- —in-WhiEH Zﬂf. In tlw frea dnprgy uLguhllmﬁ(.lnn. H’ umfm-m m]xlnﬂ m thm ﬁru- ;7
* —ball volume in ansumed for the partloles und gnoous specick nt all-timpn, then
V]I. the Prokal (or ﬁlauc!)wlumthww tlmn-dnpnnrmm mnwrlnl hnlnncm foy -
. aamantj | R : . 8

Tee --,,@,.-Awﬁ/wr TR

)

&,(t) » n,m i r'm K n“(t)

whoru n, iwthe numbop or mulea unmlﬁnnml ln tho llquld phnnm 2 |

%Um of T fran-fow 5 AR F'q TTLAT Top s vombined with Ii}q. n, 4'7,

N .tﬂ»\jpi . o
| k"m vl i
) Vs L, Nirmcrems X ﬂ cd“
SRRy Ry 48

I

PP

PRI J Y E




- nuom\tl pm‘lml ur condenmntion, 1"(:\ t). in tml‘nwcl hv '

o whloh SRS .'; C . E

oy for ol mass smbors of 0 glven olemet,

‘o W Voo
: N ; e e N .40
A TR TR TR BT (A
Hoprpnting out the - terma for onchnualido rosufta in~
Ky Vpd S ’ o
AT T | AT
n I Tk n' R { .
. " C
o T Tn (him vase the partial prossure of ohoh | nuclldg In pmportlunnl o~
T ﬂ-l nbundnnnu at thn tima mnd In given by :
. Gt ' LN
Pl ,.(HA/Y,)D,.Y o (" M)

'mu frnutlmmnnn numbor nTlTh nn«lm-hnm nwnﬂwv al caeh mnnu
thiin; or, thu frnedion of the ohrin that i condensid up to i Kivon time i the

VI( lt)k V-
r;‘A” # X: "kn“ﬁ 'j'

IR U - ,,:;,, [*'

(ﬂ Dﬂ)

‘lﬁm i Inthe l‘rnouanal chain ,vlolc.l n nu:mﬂ! n-Huwlon; B -in-the palioof
fianton-te-total yield, and W ln- t.thuﬂ ylold-in-leifttanai tho tntnl ehain ylold. -
. 1w Q.MJ.VAHW melen, - : - ”

,(‘ “

n lhq , M, tha KA vmmm Are, An In-fgs DD eviduabed T -
wmpcrnmrn of the tindl of tho Nrat perion of vondenantiony this is different f'ram

the temporature, T, 0 the seoand téem, Thus the frsotions of ench eloment
hot c'ungejﬂpg!j!urmg the firat pepiod of condonsntion (Flven by the fet term -

of Kq, 5.02) muat e dooay=correbbed i the time ol interest 1o rlm.wrmlnu vl A
and Y, applleablato Ry, fl.M T

' -p“,'(li.,.t:) I LT -

ki

< |n mlnumlng lho unmluwntlun i hn indopondent of thu Rk ul‘ thu
pielicle surfnoo, nnd In peglecting matd-solutton~eompound or formntion with
the earrior materiid, the compononts il equations for cich element hive 1o
he reduvid by one, Thorefore the fraetional partint-pressurcs hcome yiokl

&
I

m




T s e trom greund wero; sheul

flopendent, ne shown tn Eg, .00, The dopendenoo of ¢ (A L) on wonpon yiakd,
howovor, witl ho detormined by the varinidon of V/W with ylokd,

in Avmmniary, the aver=nlf fallout pn rilolo formation PEDODHA, mam
tha nlmvn trontmunt, mny be dorcrbod ne follows. I the Tieat portol 6f con-
tdonmation, when the Hoguid and gnr phnror predomisate in the fikohnll, tho mora
tefrnctory cloments are dissolved fnto the Yguid phase.of the enerior materdnl,
The Iarger fallout particles, which fall away from the firohall while thay pee
An the Henid wtato, will contain only thore more rofraotory rmllnnm-lldnn
'I‘heim paruulm wlll liinel nﬂarﬁﬂt io the paint nf dniunnunn.

4ime, Mmay vondonse oul radioolomonts during hoth perioda of condennntion,
~ Thamo, ax wall an the particles that entor the firebadl late, should cagry radio-

~ olements that wore eondonsed on their surfnoes, The smallost of the partiolos -

would make up the world-wtdu fnllam or would ho dcmultmd ol Inrge dlumnm

I N o from gmund rero.*

B R . nrmwin lm:m!l n tlm L valumﬁ—r - .

S T - —

. . .= The intormmdmte siva nurllrrlulr. umt dnpm;lt M ln&urmadlnl« tllnu
Al radioolementa that were condendtil—
duMng both periodn of condensation. In falloit of & given particle sirein:.
which & [raction of & 'maas ahain had condenned during the firat perlod 6f
. . oondensation and the remainder of the mans chain. duriing the second period,
R thu uron mnuunntiun mrmbur of the rﬂllout nnmpm would be- gtvem by

I wlﬂnn xtt ) 18 thu mmltm of the mlmgm na\ tin rriod mat af tha m‘élmll by
Inigor parifolos prior to ' No single valuo of 1o (A)-pr 1 (A).would-apply -

“Tomt-the pariialen-sinos the fraotion namfcﬂmi dapunﬂs an me ﬂmﬁ ﬁﬁﬁnﬂ That

IR o n ﬂm tllsmagamn of uw Londensuunp prqomnmn. some- munuun
muat e given te’ th offent of papicto wive on U mmount. of the eloment -
cordenwel, The vapoi presaure over the Hoguid drope onn depond on the wipe

= of tha t rlmp. asmmallv at tlm h!gtur iemporatures . Tho folntionship hetwonn

""l‘hn wqrid-’w"lﬁm fnllom froh{alr, #on walor, mwn'r. and purines burats nis

containa vapor-oondonked particles which have tmtivtw more or Inpn unﬂnrmlv
dimtributed throngh thoir volumon,

R M’ " K(l') [I 2 mﬁ' F P'NAJJ | o ﬂ‘m, =

The umullur purtlolu:. that ntny w!th tha rlulng firoball for a longer




——different from-unity for particles having dinmeters Inrger than a few tenthy of R
“n mioron, lenoe, unlens the carrier materinl haa n surfaoo tensian that in

 inoronsed vaper presmure-of tho earrier malerial ovor the lnrnur dropas nhoum '

= mmt of the earrier, ita own vapor pressure- would bu so small n fraction of

o urdur 10 condense and dinsolve gassous molnduleug only n thin Tiquld Tyor on

~ .hol he enough lo Infﬁlencu the' aondunlnuon process, -~ - - C -
L ____If the uurﬁwp tension of Lhe aarmr mnlorlul wew nxtromnlv Inl'itﬂ. -

| " the fission pradupt elamanta moat 1ikely to be preferantially condenserd on tho -
‘smnller particles nre thoss sloments whmn volatilitien are the same nm, or _

—Arise-Tram. two cauiies, Tiva-first-onuse (w-the gradual-shif-with-downwind .

ey wive and vigior pressure 11given by
Wplp, - AyM/pd ‘ Y

in which p, In the vapor pressuro of tie carvier mpterinl over te liguiit with
n flat warface, p s the promsure over the drop of celnmepwr. ey IN e Rurineo
tension of the (lmp (nasumed independont of "1y M 1a the molpoulnr welght of
the oarrier; and f 18 the denaily of the liquid, Far Al Oy ot 4080°C and m()“
al 1800:C, Wie vitlia of ¥ & 400 dynos/om and 207 dynea/em, respectively 1

The value of Lhe rutio, B/pa, tor theun vnluou of yin not vary " ' ; -

larger than that of theso two oxides by more than two ordore of magnitude, the -

t

lowar than, that of the-onrrier eell, Thone would vo-pondunse wilh e
yolalilized onrrier molnouiuu an ool (# the temperture dropped (o the
enrrior balling poin, since ot thie Limue tho vapor prossure of the earrier B A
materind ‘should be n signifionnt fraction of the totnl prossure, At the mmmm S

~Tha. 1otRT pressute thal 1L coultl not inTluence the muur-:rnmmumravun ifthe ——

surfncn tension wm-n uxtramqu llmc, - . oo e Ce
Thud the- vui,'tntlnm wuh aiuumun. ar wlth pamclu mu. thnt are

l'uumt In dtﬂ fraotionaiion numbara-in the data (woe Sections 2.0 and.B.4) must ~ "”f;‘""i. :

distance-in-the mixing of the malted with the irrdgular pariicles or of the
pariinles prasant durmg Tmth pariﬁda of oondqnmu,, Tha -udomr AURE IN

I‘RQ wluma. '

 For pm'tmlau ‘with o mwlv Inrge rofgy m uluos. uw mole lmmum. B

: N,. Towtin 4o b, preutsnly tefined (uhi R An), Cardler materialn such na ulllm\iu'
,lnill aoninining mgml uxhlul Are rul‘mnlurv mnlm'mll with !uw hum contuat-

“Itm extorior in vequived far the provess, Boaime of 1tx low thermnl conruo-

Livity, somo mnximum-aize oarrior pnrtiole or group of particles should exiat’
that moltn aofplotely whon uxpouod toa given thvrmnl (.W(J(' Thin pnruul mult!nu




! af the oeger pietlelos woubtd Tkt Uee penetemtion of the I'nlhh'lmllw ofemoents
and of thore collantod throgh eollinlon th thir very wingd Heoodd poeticdon,

The penotention of tho condensdtes: ntn the Tguid deop, ad the
pade of (iwtrtbution of those candonanton troughout the valume of the deop,
wiild bo move mphd 1IF epused by iarbwloneoe and aonvootlon rathey than by
simple diffusion, oxpooinlly In paneteating ov distribubing theough the peripherl
rogions of the Haguid pnrijulos, The gonoral untformity of the radionelive con-
vantration in the siliente fblowt pnetiolose~prpooially from the low-tower
mhote=<indionton that diffumion ta not thio controliing procoss, The eondenantes
o nro ofton found deposited more ar loak io o givor doplh Tram ihe siefiee of the
- - =~ —— —  —yory-largest particion mnd in o more oprlosa untform convontiution throughot
' tho modium=siyo nnd wmnilor partiolon, Alihough there are no fntn for vorifiun~
_ tion, the. more volatilo elumonts may form rolutions in pnruuhm with the.
- lnrgoruurl‘aon oonoontration oxnossas by condenping in N\Inuvnlv Tovgo
ST T nmounie Just as the pﬂﬂi(ﬂﬁﬁ Are molidifying, -

/

( tloaignatod nn b and In nemumec-4o he the samo for il prrbiclon,: thon the
numhar of molea of enrrior por (sphoriend) pnriele Invulvml m forming the
dlltll,u #olution in given bv o

mrwmmﬂ‘ﬂr .m im e umirer uﬁvmiwl nf he it wmr uhm 2 muuu.; bbb
“surface layer of the partiele and-« is tho pnrtiolo digmotor, |~‘m- aflute
nalutlonn. ng(P)- tho numhor of mnlun of @lamum ) thu partinie 1n glvun by

T T I i -
. - . - i

T S then - : -
F - )+ (47 KT ‘ L
S . . n,(p)/nn(p) u (,.no Ny Lﬂ(f‘ 21) '“H/ )h ] &I — (W
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T If tho nvcrnuo nopth of tho-surfnco Inymr mmu\mum Lhu comlensen

n('.p) . -ﬁ- |«|(¢| zm Mq/nh i » o (:l.n(T)f

D o *'ﬁ,(ﬁ) "Ny I’ﬁ |um am " (4/3)11“]. o> o e n.rw)i'r R

B T o N [ n..(p) in tnkcm LL] tho tutnl numbuv ur mulun of thv onrrlor \n thn pnruulu e




The mole Fractlon (n B, 60 (e for the paetioles that hind hosn
anmplately melied, The rolatdve sonaenteation of the salute, nyg(p)/n, (N,
hevomon plmmrtlunnl o 1Zd For o ddhy thin ooouereenee would ho oguivilom
Lo the samdondation of nmounts of nmIvHv in proportlon ta the sur fuuu nron af
the partiole,

“Phera are two additional faotors that sould hnva nomo h_um-mn o
the relative amount of an elemaent that condensna Inte the Haguld partiolos, “First,
the larger particlea may fall out of the gameoun volume hofora Lhey selldify and,
wopond, they may he maltad only o one side (not sufficiontly meltud to form n
,lpharlunl pavtiola), Nnth of thess lwo groupa of parunleg wenijd c‘unden!ﬁ ‘
umn!lur smounis of MI selements per particle thah would e cuthmnlod feom
" F. 0,88, . .

The ovlulnl nr the mnlted pm'uoleg in the i retnll muy he uevaml
“fn number, The small vapor-condensed particiss orlginaiing from. vaporived -
noil huve been mentioned, Others are the pariiolan that weara ariginally lying -
_on the ground out-40 wome distance from ahot point, some of which probably are
~warmed and perhapm moltud by the hont absarhed from the radiant snergy

- amittad at detonAtion, Thgu pmlnlu are.thon deawn into the firebnllas -

ik

l_t ruu. -

.\_ i - - - - - s ——

" In low air burltn, whare A very small orater (s fm*med th lnuar .
. meohanism probably {s the- dqmlnant prooong by whinh particles enter tho -

" fiveball, In thim oane the wiee distribuilon of the fallout parttolea that are
pmduoad whould be the wama au ths original slus- diatribution of the surfaon anil,

in the detonation, the blast wave would powder the surface loyer of soll to some
o -dopth und-the resulting dust particles’ like the surfnce=maltad partialon, would
qutltn their nixe In the formation process, Howavey, theda paruohpl wnula—
not bo m«ltod unm nfter they entarod the m.!mll. E : _

“Top aurfave dut.omlom. f.wo ul.hn M&JOT Meohanisme’ muy onaur

- that vuuu particles to enter the firsball, One {s the "jetting" of the woil whwo -

" the-blaet or ahook wave hits the soll surtaos; thin should sboui al very-eaely- .,

“-timan after detonaiion, The-soil graine in the Jeta may be partially heated- ot

aveii malted by absorption of energ from the biaat wave anc! ifion vaporised aw

they panetrate {nto the hot !lpehully

-of the surface=leyars of goll materinl, new expounad hul thin laysis -of-soll may
—  be-malied, It geamp vm&omblo that such a Hguid layar of anil would intarvens

agca ut high velovity, Tollowing thia ejection -

s abisniser i

= Latwosn the vapor L the fivabail wnd the inysr of shock -powdcred oaTh AN 1ong
~ am the firehall remained: in dontact with the earthis-surfaoe—i enough"fluxing"
‘material (suoh'an the nurbonntn) is-prosent, a rather large amount of fluid
material could he formaed, The other major mechaniam takes place.aw the Tiro-
- ball liftm; the Hauld 1e hroken up into dropm that enter the fiveball, followed hy




the powdered wotl, The moohintond hrank-up of the Huld mass shoudd produes
phout the mimo wlve disteibutlon of pretioles feom nll Heguidu thsb hnvu ihout the
Hivme mirfnoe Iunuhm.

T The Dependenge of u_u;cm L aramptors on Worpon Yield angd Time After
Dotonntigy ‘ '

A «lunm'lmivu mthomption] madel of tho flreball=-giving (i sivo, lompers
" ature, ote of Tise, aneegy contont, and other chavacteriations-is poodid to -
spacify the houndury conditionw for use in the condunsation oquations. Hpeoifl-.
- onily, tho mathemitiont dowwription of the fivehall should be rlcmh:nuri to yiuhl }
*---oWtimates of the qunmlw. n(Hy/v, in mltmlon to the others, e

= I'he (lnam'lpu"e wmdﬂle prosantad hera, aithough- grudu and much nvnr- .
slmplified, are orguninad Lo bring tounumr the major parnmators that nre e
“volved, 14 should ba undaisiood that {mprovoments 1 tho model van he mmlu ’
_ ‘.;,,whun more rlutui In of thu hnlin dntu nru danlanalﬂml.
.. The bnwla Feference dats fmm ENW used here dnnln mnlnlv with (ho du-
" naription of nir and/or tower detonations, Te develop the model prosonted.in
- s report for the surinee detonntion the pummmern doseribing tho atre burst
oMo wore ovganized first, Then Lo major differdhoos and:similarition in the 1
prenmotera, Tor the twe Lypen of dotonntions, wero noted or nssumod, From -~
thoue, now praramoeber values for the surlice lmrut anme waoro ontiblished, ‘Tho
e Inu‘m Mrebidt mode) In tdendived Tor o dotonntion at son laval withoul ay: sy
_ —noil inberinem Vo the supinge-ie mmiui prnaumm nuru. the mtm'uwu if -
o utldud. ’ }
(,nndnnnnuon resetions voour during the mmlmu of thoe fieobidht thereTore -
the highost tamperatiro- obsotved i the finnl vookimg ourve of the Hreiill (s-uned
an A Telaiangd poimt (R tomperiture and Umo, Fhla-roferonse msmt fi-the Hime -
af the Wecond-nragimum in tho obwerved (exterior) firausl) tamparature,. whlah T
ocours just nflor tha hlaat wave bronke-nway-feom thy, flrobnll, . AL this paimt = -
- the onergy-of tho shook wave Kne decrenmed Lo loval ut whluh Il Iu nn lonmn- ’
nhlo {o- unyae lnuunﬂagqunou of thu air moleowlon, - T

'I‘lw domoriptive mmluln nru tlvvnlnnud nounrdlmx m the rnlluwlnp. Iuvmnh

' 1o AL tho slurting ru!’uvmwu Hmu the hnann ol the relonsed uwnw
In ulmulllm foit S . _

n The !‘lrulmll )
b Tha hlnal wnve
o The amount of energy lmnt hy Huwmul rdintion
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A

H, Phe orlinnd sinte of the mndeetnls tn the Theebad) (e nueay i
thobr stasdied Thermodymvmde stade it 3080 vl | stmosphere,

i Whore materinda aro honto aulfialantly Lo giase digrosdition, the
oenerglen iree ondondntdd ns 40 digsocintion ovourred at .nm"x nml ne
©Af tho dimsoointod atome hal heen huniud IH I(!nnl mmuﬁ.

i A The Internnl cnergy of tho gie m-umﬁ in tho l’lrmmll A willved op
. volommod during couling by

M, 'Pho honting of nlflowlng niy and/ap soll mirerinl

by “Tho oxpinding of the uunen’ nEninet the: uxmrmtl utmnnplwru
(nt 1 ulmnn) .

g, The mdmunu of unerky lnm the\ ntmouphqm Lo

_ U, _.'"The luuond vol’amnmu pmm Tor nstnhllnhlng n thormnl batance is
~ taken at the Gimo at whioh the nqlmnlunuon mmpormum of thoanr=
I'l(ﬂ‘ tooura, - .

A more rofines Lrunt.mom wmud unna!clov tlmu paramotora for the wholn'
Lamperature range ovar whioh the Ilquld sarrior matorinl onn oxist, Almo, ex~
com I'm* energy lomt thmuuh vmllntlon, fordmntlon anmmlun nre not mmnklm'ml. -

. Jl'!‘.,e_c!!.!'.!'!! M\.n af v!mﬂulmnhdﬂmn,‘)iunzhmah burat ur_-nnjdmgw TNW,

oonan!onnlw tarrmn this thormal unerg*v). nnd o parmant fm' blnll nml lhDﬂk. he
Limo or tima parigd afterthe detonatton nl which thesn: valuew npply in not given, — -
" nor is energy allotied for the processed eiimaratod above, Certainly the diaw

~tirllution of the tolal enorgy Among-its varioun forma 1i Lime depondent, and
-gventually all-of-the rolenscd enorgy tinew Bovomb: thermal ov hent onergy, Tt
for the purposes of the descriptive moadel uaod hove, the Initisispecifition of

the anergy dimtribution 1a required for the Lime of the second Lermparature maxi= )

mum. Therefore, of the enaigy disteibution values given hy WNW, only the 1h

peroent Tor nuolenr radintion e pasumer (o ho unavailable for use In other pro=, --

N nounu."'"l‘h@ remnining an poreent’.then, tu to bo distrilated ameng

| P .'l‘hu anoargy loat hy rmlnmuu

8 Whe energy eareisd-oyond the freln) pwl mcvtvr hv—ﬁm iﬂnnﬂmv“ cor

o Phe L‘ﬁvt‘ﬂ‘v vontent of Hw fITlJuN.

1




I muking the oatimatos of the onergy disteibntion nmoig these tivoo gunntitlen,
b lm' Hw 2O-KT b st from BNW I uped, The onergy converslon liotor,
Lkt ot/ (aplorien por kiloton), ta adoptod so fhat v 80-K'1 vield iu
ogunl to an onorgy rolonse of 2aax 10" antorton, OF !I\IH. LEOX 0™ cntories
In nvulluhln for dviglon Into thron mu‘ln.

mn the following Lrontment it fu nmmned that the wir moleouler in thoe blnst
wivo e It lonves the firobnll move outwiod o lenst ne-fnst 1e the firohntl oz~
pandmy thoy aro not onvoloped by tho fiveball prior to the seoond tomporatura
maximum, Binoo thome molooulos nbeorh somao of the onergy In the blast wive,
onvolopmont_of n good fenation of (hem would inerosse the onergy eoitont of th"
Hwimll rvlnHvu toy that onrriod nwny hy the blamt wnvv

T'he ohergy Im-.t from the firebnll hy Fvlinnos-prisreto the Lo ul l.hn LG
ondt tomporatnro muximum (8 oatimatod to_be 8 poreent of the Lkl eaergy (oo
b(\low\. For a 30-K'T nlre bursi, the l'mllnnt onergy loat up. to this Ume 14 then
LEX10W onloriod, This ledvows 1.71x10°

Thoe unorgy Ull!’l‘luﬂ uwny hv the-hlart-wive. n. it. nupnvntun !'vnm llm I'I pos
hall lhaultj consint of

e Thelntemal enorgy unnwm of uw nir mulnau)nn mqwmmml n. n
- Lomperalre rEe,.

e ke "The m\m_n_m_‘s'ulnn_ onorgy (Log, the dynamic proasure of the pulso); nnd

o They notatitin) energy or work uxprossed In torma nl‘ the outwi d Vs
‘ fonlty of the wave, 1or 0 80=K'T yield weapon the mensuread firoball

— . L .

Aomporatuse deoronse priop w the mevonil maximum (see TNW,

BRI ’l‘lm annumtmw.x ovIrve in thln nuriml of time, mq)wuml nn hmmm!w . -
Hw wir mnnwvmuvu from thul nl the nmbwm alumaplmru ann b wm'unumwt hv S

YT T

ot in wovonds amdF i K, I‘or an nppnrum hvunlmwnv tmo (l.m. tlw tmo Ilw
~ blnat wave Tn no longoer Incandewednt) af G016 ueconiln, AT T TROOK, Tor Lhi
lomperature e, the ahingo in intorinl energy, &l far air tn 10,800 cnlm fom
per. mologule,

o
-3

ondnrios for hoth ﬁn*mnﬂnu of the ' i
Mivaball wnd dlmwrmtl hy the hinat wave, . o B

o - P 00) s token Lolmthe tlcmmnuu af thn nJr mmpnvnmmwlﬂﬂu mu R
l)lmnt wive: ol — . T

mmm




" the wave in n moving the aly malnuulu outwm‘d. m\ﬂ uom«rtlﬂu this measure to

“porresponding Yalue of the peak dynamic prassures (s 1380 pai, which.in aqual
~to 2,10 oal/omd (1 pal = 1,66%10°" ual/om®. Tar a tmmpnrnturu of RLO0'K
(LB00*C), the numiber of moiesof guw ntoms per om’ nt B preamuro of 48

CTaeloglve . . B

frnumbﬂrcrrmmw orli-and fo oalorin umtl. ma anergy otmtom g(t 0,018 uuonﬂ

'whuu ny in numbm- of malan of Als.dn tho binat. w;wn nt Jﬁhm qunl mvuyf 1«,,1.,7 , S
_utal unomz 4 the binat wave {a thon hppmxlmmlv o :

The penh aver -prosaures Teom ENW, po 1ob), For o 200 KT ade st onn
bo reprogontod In part, hy

p s b 20t ETRY

L W TE LTI AT {.a
wheve t is tho firabnll radiug in om and p 18 the over-prossure in pal, ‘the
variation of the firohall radiue with timo up o the ln-uulm\ww (from ENW, p. ﬂﬂ)
oan he\ mpmmmml !w

U

rao -l 9Bxi0Y CLoe T 'm 0008 . (now) ]

extrnpoluung Eq 40140 1, oum cm. p in 080 Rl m utmonphuran) T

atmompheves, by use of the perfoct gas law, 18 2.4%10™ . The anergy nbsorbéd S
hy the gan. dua 10-the somprasnion n then A, mu" onln/moln. ' S

Tha nutw«:-d velnutty Qf tha blnut wuvn ir abtumed by dm‘arantmtlnu mq. - { B

O bZM

'v, " l Bﬂxm“ © "ﬂ)

[EEE Sy

ol

i Lbde

"Fﬁ " i zuxm"n. SRR m )

2] i e b,

N RO BT

Q, '-l 409)(“)‘“9 4 0 QleU‘ng + ...me‘;/, - }i@.;ﬂﬂ')
— f . 4, .’.leO"nu o |

'rhu anargv contant of the ﬂmm\ll - tha segcmmmmum :hnulﬂ bo equal -

“10 the emmv uullmad In itm turmnunn. ’Fhut lrr. L conAiRLe of

o ’l‘ho mmmnl unurgv for n tom;mrnturo mn lo nnno'K um- un-?K'J‘.
. ﬂ“ﬁ ENW, i ﬂﬂ)

Ciin : . . R




I, The digsooiation of o asrtivin number of alr molemlon

o, ‘e worl of axpunding tho gnmes to the firolmll volume
i tho meoond moximum

The thermotynamio rmu lay energy hulumm for this provess, nsnumlr\u; fedanl
hohavior of the gnual. in _ _
/

Qg 5 (A aK, m,, * PV, n,.RT . .¢n.=m|)‘

‘n
o,

ln which n, 18 the numhor of moles of unellnmuinleﬂ nlr nmluuulnu. Nt I the
‘wumber of molewof dissocinted atome, Al 1s the change in internal ansngy,
B:m.m Vigus +-per mole of nir moloculan for the fingl mixture of gases, Alip 8

~ tho-nvarage digsocintion onatgy -per molo of dissodinied atoms, V, & the Hrabnil E '

" volumo ALSho Eogond makimum, n,RT, 18 naubstitution for .V, where 'V, s
the originnl volume of the hoated-alr moloowlos, 'l‘.. in taken na amrx. nd ’.lﬂ.,
tu tnkzm n 1 ntmunpham. '

j
o mm the curive gwm in WNW, p. an, for the ncwmr ‘byrnt, the ‘fll‘ﬂbt\zll
sntiue at the second tompanaiure maximum-at-0.40 ssconds (s 480 feet on
1.80%10" om, ‘Lhe. volume; Vy., is than 2, sfmo"‘ nm" nml ‘honoe |V, in
n mo“ anle (1 unl = 43,30 am=Ktmon) . , v

v

Tho villues of & By, Allp, 0, nndl n’ dapuucl upon the mtermrl PUGREUNS
™ D

~“haonuse the dagroe of tunoatmnn -af #he -oxygan and itToFeN Tre Prenssre e

Hlvay Fur axnmﬂe.. wlﬁh mm nummm whers tiie cllaﬁmﬁlnn’ﬂﬁﬁﬂm in ﬂiﬂmﬂ"’ e 3

by

‘. - Nn(ﬂ) - EN(B‘) : _ ,;(q,-m_

hn h'rmhlnn ol' e Ng(m) molnuulu qmwmml Il )
. ’ .'(

B}

| 'xli'ﬁ,,_e(iN'.'i) ", -

whara Ky (n the (Imuatuuén conmant n Larmin of the et promuean, -n, (Ny)
In-the total amount of nitrogon In: ‘m'ms ur N, (m nml X Ia eha armaunt m‘ N,,'(p,)
- timmocintad, .

it

I
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((N b aiy) '(0 WE =W 6%
il - -
- . L “‘1‘ Iuw‘w-. 4 . ’ o 7\7"L'_7.v
M“ " ng *ﬂ" Y ol ﬁﬂ“ "y ) . S i ml "’ - ,4
i Witich Kpq aunel rk,, e ive M,,. m :ml'tmmn wmdh aXYgon, Mnmmﬁwim (ﬂm v | j
| hra ihe. mnpactﬂva ammtaﬁiamitﬂeﬂ, st P mnw bl mmm. o . WA
, The aniuthon for % and y onn e mmﬁmma aver much of ﬂihu tlmmmmﬂgum U
——_range of Inbanest from fnxpotion of the thormel date on e fwo gasos shywn in S E
. Tate 4.9, The velves of L and K, ware derived musly (rom the data - o
K Welley®  and M) nmcl i%- © Converaton fnam the e, ol ot .mm.n SRR

B %ﬁwﬂhenﬂwm tompanEiUnG TANGOR qura.'ﬁ! and .89 cun e m'mﬁ 'lu mw

Tho relntlonmbip Herwens the fraetion of the 1aofee e dusooiated by
Homixtare of guser and the dotad prowsuree e more compliosded than this
givan hy Ty, 3.07. The equitihrium déstedhutlon sguations for-ade umlag o
b od MR, o Ny nnel @ddna of Oyt), nee

Apyh

Wh made ﬂmﬁm i wm&om

¥y
i

e rﬂ}lnm’imm onmeiNs vlues Indiome thal o DXYROR 18 mmm mmﬂmalw ‘ }
~oiiwmoreduiad i HO00°K md ahave for prossdran.up 10 50 RmorEhere. ~Alwg, W o

vmmm:ﬂm ‘below 100K, nitragen in diasosinted to n weplipise

e Y L .
.‘ x/n '(Nu*> = 'HWKNHIL 1 qurwm R ¥ zzml W * 4000°K qu LT
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'] llw mral'mt pu Iaw, L

Approximonte sulutians for the temgeeintiere proge 4000 Lo GODY'K i for
cnmen whoere otlier gumen hewldes aitrogen aid axgyvgen nre present are

-B AR, of Kaq. 3.00, The fractions of |  niirogen gid

nhmwn‘ m Flguml al mﬂ LB

Al the Wmmulum of the m'un\i mnxlm\lm of the 20 -K'!‘ M mbtﬂl, u:lﬂl)“l(
the eueves show, as proviously staled, that the oxygen molecilos ara 100 -
pereen). diasociatod at pressurce up-to 29 atiospheres or greater. However,
thenitrogen molecules are aoly ot 20 almosphoros, logs than 30 porecnt are .

- dianorinted, -Amd, sifeo-the dissaoinuon cnomy (8 lange, oommml o the

| CydT mntwmlm, an.oatimate of ihe intornal gaa pressury (al the socoml
maximum)-(s needed to ohtain a ressomble vulun of the total nhaaga in ohergy. |

. TTHinee the Tireball vmlumt- and lpmpo?ﬂnu at um iiﬁiﬂlﬂ mmmnm mr E
~apeoifind, the retio.of- ﬂn mmwher of molm of gan to the pmim, l;y Imihlll

ap By ' o T:.'m n,, »
L el R e B | (T
- NP L ﬂvr KN‘ ) :
W S . R
ity Kg IIM f";ﬂrﬂénﬁ . 7 o
yr = | fi4 e a1 A2.74)
wp \/ LI 1 o
” whqam Np 18 the (atal numibor of malos of gan presenl. T ii%nﬂ equations cnn .

gn valugn are (o be

solvoll hy @ seriea 67 approximalions, _The change In cnovgy content (Inelwling .
« o diaseciatioy enorgy and aumstier of folos of gas In heatlag ale aa ax ddeat gag)
. fram the above equalions nre given fn Table 3.8 the Ep-Fag
tentitiod with Afp

“okygon trdlecuion diasbolalod aa a rmwunn uf wmwmmn ;md prcm:urc are
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Figurs 3.}
FRACTION OF NITROOEN MOL ECUL ES DISSOCIATED AS A FUNCTION OF
TEMPERATURE AND TOTAL PRESSURE
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Flgure 3.2
FRACTION OF OXYGEN MOL ECUL 8 DISSOCIATED A5 A FUNCTION OF
TEMPERATURE AND PRESSURE
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8O0 | 1,000 | eow | 1,088 | 7av . -
2,000 | 8,784 | @08 | A0BE| wase | = | -
618 | one0a ! 4a01-| seee| 40t | - | -
| #woo-| 10,080 | zioms | soieo| Biaen | 7.eexto® | gaoxio |
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